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t i o n  r e a c t i o n  co u ld  be s t u d i e d  more e a s i l y  t h a n  i n  t h e  c a s e  
o f  the o t h e r  m e t a l s  where b r o m in a t io n  i s  more d i f f i c u l t .
C h a p te r  I  i s  a d i s c u s s i o n  o f  th e  f i r s t  phase  o f  th e  
work, th e  s tu d y  o f  th e  b r o m in a t io n  o f  uranium i n  m e th a n o l .  
Th is  work  was c a r r i e d  o u t  t o  a i d  i n  th e  d e t e r m i n a t i o n  o f  th e  
optimum c o n d i t i o n s  f o r  b r o m in a t io n  o f  th e  m e ta l  as  w e l l  as 
t o  s tu d y  th e  b r o m in a t io n  p r o c e s s  I t s e l f ,  I t  was found  t h a t  
knowledge c o n c e rn in g  th e  n a t u r e  o f  th e  p r o d u c t s  o f  the  
b r o m in a t io n  r e a c t i o n  was h e l p f u l  i n  determ in in g  c o n d i t i o n s  
f o r  the p rep a ra tio n  of  the f l u o r o m e t a l l a t e s .  Chapter I  a l s o  
i n c l u d e s  some p o s t u l a t i o n s  c o n c e rn in g  th e  b r o m in a t lo n s  o f  
n iob ium ,  t a n ta lu m  and vanadium i n  m e th a n o l .
The ammonium f l u o r o r a e t a l l a t e s  of  i;hesa e l e m e n ts  have 
b een  p r e p a r e d  p r e v i o u s l y  from m e th an o l  s o l u t i o n ^ , How­
e v e r ,  i n  a t t e m p t s  t o  r e p e a t  the  p r e p a r a t i o n s ,  s e v e r a l  impure 
p r o d u c t s  were o b ta in e d  and a id e  r e a c t i o n s  ware n o t e d .  Thus,  
i t  was th o u g h t  b e s t  to  s t u d y ,  i n  more d e t a i l ,  th e  p r e p a r a t i o n  
o f  t h e s e  ammonium f l u o r o m e t a l l a t e s  as  w e l l  as  th e  p r e p a r a t i o n  
o f  the p otassium  com p lexes. Chapter I I  and Chapter I I I  d i s — 
cu s s  th e se  p rep a ra tio n s end g iv e  a n a l y t i c a l  r e s u l t s  f o r  the  
complexes*
Chapter IV i s  a d i s c u s s i o n  of the s tr u c tu r e s  o f  the  
ammonium and p o ta s s iu m  complexes and g iv e s  powder d i f f r a c t i o n  
d a t a  f o r  them* C h a p te r  V shows th e  r e s u l t s  o f  m ag n e t ic  su s ­
c e p t i b i l i t y  m easu rem en ts .  I n f r a r e d  s t u d i e s  and a d i s c u s s i o n  
o f  hy d ro g en  bonding  i n  th e  ammonium com plexes  are g iv e n  i n  
Chapter VI,
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kCHAPTER I
A STUDY OF THE BROMINATION DP THE METALS IN METHANOL
O s th o f f  and W e s t h a v e  c h l o r i n a t e d  m e t a l s  i n  donor  
s o l v e n t s  and p o s t u l a t e  t h a t  t h e  d onor  s o l v e n t  c o o r d i n a t e s  w i t h  
th e  m e t a l  c h l o r i d e  a c c o r d i n g  to  r e a c t i o n  ( 1 ) and t h u s  removes 
th e  c h l o r i d e  from th e  m e t a l  s u r f a c e .
M G lx (su r fa c e )  Bt^O M C l ^ î O E t s ^  MCl^ ^  EtgO (1)
D u c e l l i e z  and R a y n a u d h a v e  b ro m in a ted  manganese i n  e t h e r  
s o l u t i o n .  R a y n a u d ^ ^  h a s  b ro m in a te d  z in c  i n  p o l a r ,  o r g a n ic  
s o l v e n t s  and s u g g e s t s  t h a t  b r o m i n a t i o n  o f  m e t a l s  i n  donor  
s o l v e n t s  o c c u r s  t h r o u g h  th e  r e a c t i o n  o f  bromine w i t h  th e  s o l ­
v e n t  t o  form HBr, which  th e n  r e a c t s  w i t h  t h e  m e t a l s .  I f  
Raynaud*3 p o s t u l a t e d  r e a c t i o n  i s  c o r r e c t ,  h y d ro g en  e v o l u t i o n  
sh o u ld  be s e e n  from th e  r e a c t i o n  o f  th e  m e t a l s  w i t h  hy d ro g en  
b ro m id e .  However, i n  th e  b r o m i n a t i o n  of  z i n c  i n  m e th a n o l ,  
th e  r e a c t i o n  p r o c e e d s  q u i c k l y  w i t h  no gas  e v o l u t i o n .  This  
f a c t  l e a d s  t o  the  c o n c l u s i o n  t h a t  h y d ro g en  bromide i s  n o t  
formed i n  a l l  b r o m i n a t l o n s  o f  m e t a l s  i n  m e th an o l  and t h a t  an­
o t h e r  o x i d i z i n g  a g e n t  i s  p r e s e n t .
In  t h e  b r o m i n a t i o n  o f  the  Group V m e t a l s  s t u d i e d  h a r e  
and o f  uraniurri, g a s  e v o l u t i o n  i s  s e e n .  S e v e r a l  r e a c t i o n s  may 
be p o s t u l a t e d  a s  t h e  s o u r c e  o f  h y d ro g e n .  A s t u d y  o f  th e  
s t o i c h i o m e t r y  o f  t h e  b r o m i n a t i o n  i n  m e th a n o l  seemed n e c e s s a r y  
t o  g a i n  an  i n s i g h t  i n t o  th e  n a t u r e  o f  t h e s e  r e a c t i o n s .
Uranium was used  f o r  th e  s tu d y  s i n c e  i t  i s  th e  o n ly  one of  the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
m e t a l s  s t u d i e d  h e r e  w hich  b r o m in a t e s  r e a d i l y  i n  m e th a n o l  a t  
room t e m p e r a tu r e  and a l s o  s i n c e  much work i n  uran ium  c h e m i s t r y  
h a s  b e e n  done a l l o w i n g  c o r r e l a t i o n s  w i t h  known r e a c t i o n s  i n  
s i m i l a r  s o l v e n t s  such  a s  w a t e r  o r  h i g h e r  a l c o h o l s .
The i n v e s t i g a t i o n  l e d  t o  th e  c o n c l u s i o n  t h a t  t h e  
r e a c t i o n s  w hich  may be in v o lv e d  i n  t h e  b r o m i n a t i o n  o f  u ran ium  
i n  m e th a n o l  a r e  a s  f o l l o w s * :
CHgOH + Br@ unknown p r o d u c t  (2 )
CHgOH -Î- HBr GHgBr + HgO (3)
OHgBr + GHgOH (GH3 )gO + HBr (4)
ITo + 2Br« UBr^ (5)
2U^ + 6HBr = 2üBra + 3 Hg ( 6 )
i f  + 3U B r*  4H B rg ( 7 )
üBra + 2 CH3 OH U(OCHg)aBra + ] / 6 Hg + HBr ( 8 )
UBra Br» UBr* (9)
UBr* + 2CHaOH -*• n(OCHg)gBra + 2HBr (10)
H(OCHa)gBrg + 2CHaOH U(OCHa)^ + 2 HBr (11)
U(00Hg)4 -*■ UOb + 2 (GHa)aO ( 1 2 )
H(OGHa)aBrg + Br^ nOgBrg + 20HgBr (13)
Each o f  th e  above r e a c t i o n s  w i l l  be d i s c u s s e d  i n  t u r n  
g i v i n g  s u p p o r t i n g  e v id e n c e  from th e  l i t e r a t u r e  o r  f rom  o u r  
e x p e r i m e n t a l  r e s u l t s .
F i r s t  o f  a l l ,  th e  r e a c t i o n  o f  bromine w i t h  m e th an o l
s h o u ld  be d i s c u s s e d .  B h a t t a c h a r y a s t a t e s  t h a t  th e  
r e a c t i o n  o f  bromine and m e th a n o l  i s  a c c e l e r a t e d  by i n f r a r e d  
r a d i a t i o n  due t o  th e  f o r m a t i o n  o f  a tom ic  b ro m in e .  He g i v e s
^% x tan t  o f  m e t h a n o l s t i o n  o f  th e  p r o d u c t s  i s  n o t  shown.
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a o l d ,  and  t h e r e f o r e  m e th y l  h y p o b ro m l te ,  i s  n o t  fo rm ed .  Com­
p a r i s o n  o f  th e  r e d u c t i o n  p o t e n t i a l  o f  hypobromit© w i t h  t h a t  
o f  p e r v a n a d y l ,  b o t h  i n  aqueous  s o l u t i o n ^ ^ ^ ^ , l e a d s  t o  t h e  
c o n c l u s i o n  t h a t  hypobromoua a c i d  i s  n o t  fo rm ed  s i n c e  vanadium 
i s  o x i d i z e d  o n ly  t o  vanadium (TV).
HgO + l/2Br& = HBrO + + e"" = - 1 , 5 9  v .
B r -  = l / 2 B r g  + e~  = - 1 . 0 7  v .
3HaO 4- VO'®"*' = V(OH)s'®' 4- BH*®" 4- ©"" = - l . C O  v .
Of c o u r s e ,  th e  r e d u c i n g  a c t i o n  o f  m e th an o l  i t s e l f  may p reven t
the f o r m a t i o n  o f  hypobroraous a c i d  o r  o f  p erv a n a d y l.
When th e  b r o m in a t i o n  s o l u t i o n s  are r e f l u x e d ,  th e  
d i s t i l l a t e  i s  c o l o r l e s s ,  does  n o t  g iv e  a ^p o s i t iv e  t e s t  w i t h  
p o t a s s iu m  i o d i d e  p a p e r  and may be j u s t  m e th a n o l .  Thus i t  
would seem t h a t  a h i g h  b o i l i n g ,  i n t e r r a o l a o u l a r  compound may 
be form ed b e tw een  t h e  m e th an o l  and b ro m in e . A n o th e r  c o n j e c t u r e  
w h ich  may be made c o n c e r n i n g  a r e a c t i o n  b e tw e en  bromine and 
m e th a n o l  i s  t h a t  t h e  p r e s e n c e  o f  s p e c i f i c  m e t a l  o x i d e s ,  m e t a l  
i t s e l f ,  o r  m e ta l  b ro m id es  c a t a l y z e s  such  a r e a c t i o n .  S h e l l  
and Zimmorman^^^^ have found an apparent r e d u c t i o n  o f  io d in e  
by z i n c  h a l id e s  in  m ethanol s o l u t i o n .  However, th ey  g iv e  no 
p o s t u l a t i o n  as  t o  th e  p r o d u c t s  fo rm ed .
F u r t h e r  work i s  needed t o  determ ine w hether a r e a c t io n  
a c t u a l l y  does  take p l a c e  betw een th e  m e th a n o l  and th e  bromine 
d u r i n g  t h e  b r o m i n a t i o n  o f  th e  m e t a l  and ,  i f  t h e r e  i s  such  a 
r e a c t i o n ,  w ha t  t h e  p r o d u c t s  a r e .  Q u a n t i t a t i v e  mass s p a c t r o — 
m e t r i c  a n a l y s i s  would be h e l p f u l  i n  such  a p ro b le m .
R e a c t i o n  ( 3 ) ,  t h a t  between m e th a n o l  and hyd rob rom ic  
a c i d ,  i s  w e l l  k n o w n ^ ^ '^ ^ L  R e a c t io n  (4) i s  an  e q u i l i b r i u m
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
ôr e a c t i o n ^ a n d  a p p r e c i a b l e  q u a n t i t i e s  o f  e t h e r  o c c u r  only 
a f t e r  th e  m e th y l  b rom ide c o n c e n t r a t i o n  i s  h i g h .  Methyl  
bromide and v e r y  p o s s i b l y  d im e th y l  e t h e r  a r e  a l s o  formed i n  
the  r e a c t i o n  o f  th e  p r o d u c t s  o f  t h e  o x i d a t i o n  o f  u ran ium 
(and o f  th e  o t h e r  m e t a l s  a s  w e l l )  w i t h  m e t h a n o l .
R e a c t io n  (5 )  i s  p o s t u l a t e d  s i n c e  i t  i s  known t h a t ,  
a t  l e a s t  above 650° ,  u ran ium  and bromine form  uran ium  t e t r a — 
b r o r a i d a ^ 7 6 )  e x c e s s  bromine i s  p r e s e n t .  The h i g h  tem pera ­
t u r e  seamed n e c e s s a r y  t o  c a r r y  o f f  th e  UBr.@, ( b . p .  = 765° a t  
7 4 0  ^  o f  m e rcu ry )  in  a s t r e a m  o f  h e l iu m .  Thus th e  m e ta l  was 
n o t  c o a te d  w i t h  UBr^, The p o s t u l a t i o n  i s  made t h a t ,  i n  m e thano l  
s o l u t i o n ,  UBr^ r e a c t s  a c c o r d in g  t o  r e a c t i o n  ( 1 0 ) ,U(OCHgOaBr^ 
b e in g  s o l u b l e  i n  m e th a n o l ,  a l l o w i n g  f u r t h e r  b r o m i n a t i o n  o f  th e  
m e t a l .  In  s u p p o r t  o f  t h i s  Spedding^^^^  r e p o r t s  t h a t  UBr^ 
r e a c t s  w i t h  a l c o h o l s  t o  form hydrob rom ic  a c i d .  Spedding^^^^ 
does n o t  show th e  uranium compounds r e s u l t i n g  f rom  t h i s  
r e a c t i o n  o f  UBr^ and a l c o h o l ,  b u t  th e  p r e s e n c e  o f  methoxy 
brom ides  and of  t h e  t e  trame th o x y  compound ( see  r e a c t i o n s  8 ,
10, 11 and 12) i s  p o s t u l a t e d  s i n c e  i t  i s  known t h a t  UBrg
.n 
, ( 8 2 )
fo rm s UOgj i n  w a te r  o r  a l c o h o l ^ . I t  i s  known t h a t ,  i th e
r e a c t i o n  o f  UBrg w i t h  w a te r  o r  a l c o h o l ,  Hg i s  e v o lv e d
and i t  i s  known t h a t  th e  t e  tram© th o x y  compound decomposes t o  
( 52 )U0j3 i n  w a t e r  . Our e x p e r im e n t s  have  a l s o  shown t h a t  th e  
r e a c t i o n  o f  uran ium  w i t h  hyd rogen  bromide  i n  m e th a n o l ,  r e a c t i o n  
( 6 ) ,  fo rm s a p u r p l e  s o l u t i o n  p re su m a b ly  u ran ium  i n  th e  t r i —
v a l e n t  s t a t e ,  w hich  changes  im m e d ia te ly  t o  a g r e e n  s o l u t i o n
g i v i n g  UOg on s t a n d i n g .  The UOg was i d e n t i f i e d  by i t s  powder
p a t t e r n ,  A s i m i l a r  r e a c t i o n  i s  s e e n  i n  w a te r^ ® ^ ^ .
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m ix t u r e  o r  by  w e ig h in g  th e  uranium m e t a l  I t a a l f .  The e s t i m a t e  
was o b t a i n e d  by w e ig h in g  th e  uranium and i s ,  o f  c o u r s e ,  low .  
However, t h e  p o s t u l a t e  t h a t  hydrobrom ic  a c i d  i s  r e g e n e r a t e d  i s  
n o t  a f f e c t e d .
The p o s t u l a t i o n  t h a t  two o x i d i z i n g  a g e n t s ,  b romine and 
hyd rob rom ic  a c i d ,  a r e  p r e s e n t  i n  t h e  r e a c t i o n  m ix t u r e  i s  sup­
p o r t e d  by th e  f a c t  t h a t  th e  amount o f  h y d ro g en  ev o lv ed  i n  th e  
o x i d a t i o n  o f  a c o n s t a n t  amount o f  u ran ium  v a r i e s  w i t h  t h e  r a t e  
o f  a d d i t i o n  o f  bromine and w i t h  t h e  r a t e  o f  s t i r r i n g .  More 
h y d ro g en  i s  ev o lv ed  w i t h  no s t i r r i n g  and slow a d d i t i o n  o f  
b ro m in e .  Hie mole r a t i o  o f  hyd rogen  ev o lv ed  t o  uranium o x i ­
d iz e d  ran g ed  from 0 . 6  t o  1 . 0 .  I f  hydrobrom ic  a c i d  were th e  
o n ly  o x i d i z i n g  a g e n t  t h i s  r a t i o  s h o u ld  be a t  l e a s t  1 . 5 , ac­
c o r d i n g  t o  r e a c t i o n  ( 6 ) ,  and even h i g h e r ,  dep en d in g  on th e  
amount o f  h y d ro g en  c o n t r i b u t e d  by r e a c t i o n  (8 ) .
The f o r m a t i o n  o f  KgUCaPe upon a d d i t i o n  o f  b r o m in a t io n  
s o l u t i o n s ,  p r e p a r e d  u n d e r  n i t r o g e n  u s in g  e x c e s s  b ro m in e ,  t o  
a p o t a s s iu m  f l u o r i d e  s o l u t i o n  i n d i c a t e s  t h a t  th e  p r o d u c t  o f  
r e a c t i o n  (1 0 ) h a s  a t  l e a s t  two me th o x y  g r o u p s .
The change o f  c o l o r  o f  th e  b r o m i n a t i o n  s o l u t i o n  from 
g r e e n  t o  o range  upon th e  a d d i t i o n  o f  e x c e s s  bromine (more 
bromine t h a n  n e c e s s a r y  f o r  th e  o x i d a t i o n  t o  u r a n iu m ( IV ) ) o r  
oxygen shows t h a t  t h e  o x i d a t i o n  i s  s t e p w i s e .  There rem a in s  
th e  p o s s i b i l i t y  t h a t  th e  f i n a l  p r o d u c t  i s  n o t  UOgBrg as  g iv e n  
i n  r e a c t i o n  ( 1 3 ) ,  b u t  i s  a methoxy compound. S in ce  th e  
s o l v e n t  i s  m e th a n o l  t h i s  seems h i g h l y  p r o b a b l e .  Thera a r e  
s e v e r a l  r e a c t i o n s  w h ich  may be w r i t t e n  b e s i d e s  r e a c t i o n  ( 1 3 ) .
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m e th an o l  shows g a s  e v o l u t i o n .  The r e a c t i o n  m i x t u r e s  a r e  a c i d  
t o  l i t m u s  and t h e y  fume In  m o i s t  a i r ,  s u g g e s t i n g  t h e  p r e s e n c e  
o f  h y d ro g e n  b r o m id e .  B l a n c h e t t e ^ ^  s t a t e s  t h a t  h y d ro g e n  
bromide i s  e v o lv e d  upon e v a p o r a t i o n  o f  m e th a n o l  from t h e  r e ­
a c t i o n  m i x t u r e .  From t h e s e  o b s e r v a t i o n s  and from t h e  f a c t  
t h a t  t a n t a l u m  p e n ta o h L o r id e  decomposes upon s t a n d i n g  i n  a l —
( 37 )c o h o l ,  g i v i n g  o f f  h y d ro g e n  c h l o r i d e  and fo rm in g  Ta01g(00113)3 
the f o l l o w i n g  r e a c t io n s  are p o s t u l a t e d  f o r  t h e  b r o m i n a t i o n  o f  
th e se  two m eta ls  i n  m e th a n o l^ .
2Ta®* + SBrg 2TaBrg (17)
TaB ro + zCHgOH T a(0C H 3)xB r3_ j[ + ^ E B r ( I 8 )
2T@° 4* lOHBr 2TaBre + 5 %  (19)
B l a n c h e t t e  h a s  p r e v i o u s l y  p o s t u l a t e d  r e a c t i o n  ( I 8 ) a s
TaBrg'nOHgOH TaBrx(OCHa)b- x  + (5 -x )H Br (20)
t o  i n d i c a t e  t h e  s o l u b i l i t y  o f  TaBre i n  m e th a n o l .  I t  i s  i n ­
t e r e s t i n g  t o  n o t e  a g a i n  h e r e  t h a t  O s th o f f  and West^^^^ p o s t u ­
l a t e d  r e a c t i o n  ( 1 ) ,  s e e  page 4 , t o  i n d i c a t e  th e  s o l u b i l i t y  o f  
th e  m e t a l  c h l o r i d e  i n  e t h e r .  The p o s s i b i l i t y  o f  b ro m id es  o f  
lo w e r  o x i d a t i o n  s t a t e s  r e a c t i n g  w i t h  m e th a n o l  t o  g iv e  h y d ro g e n ,  
as i n  t h e  ca se  of  uranium, has n o t  been  in d ic a te d  o r  p ro v e d .
B l a n c h e t t e  h a s  s t a t e d  t h a t  a l a r g e  e x c e s s  o f  bromine
i s  n e c e s s a r y  f o r  t h e  b r o m i n a t i o n  o f  n iob ium  and t a n t a l u m  i n
( 11)m e th a n o l  . However, i t  has b e e n  found  t h a t  th e  s u r f a c e  
area of  t h e  m e t a l  i s  a more i m p o r t a n t  f a c t o r .  The powdered 
m e t a l s  r e a c t  s lo w ly  b u t  m e t a l  f o i l  v e r y  s l i g h t l y  o r  n o t  a t  
a l l  even  when a la r g e  e x c e s s  o f  bromine la  u s e d . The s lo w n ess
S s t o n t  o f  r a e t h a n o l a t i o n  i s  n o t  shown.
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of  t h e  r e a c t i o n  c a n n o t  be e x p l a i n e d  by  o x id e  f o r m a t i o n  on th e  
m e t a l  s u r f a c e .  An X—r a y  s tu d y  o f  t h e  r e s i d u e  from th e  r e a c t i o n  
m ix t u r e  showed o n ly  m e t a l .  S in ce  th e  r e a c t i o n  o f  n iob ium 
p e n t a c h l o r i d e  w i t h  m e th an o l  i n  benzene i s  v i g o r o u s ^ , one 
a l s o  c a n n o t  p o s t u l a t e  th e  i n s o l u b i l i t y  o f  n iob ium  p en tab ro m id e  
and s low  r e a c t i o n  o f  n iob ium  p e n ta b ro m id e  w i t h  m e th an o l  a s  t h e  
ca u se  o f  t h e  s lo w n ess  o f  b r o m i n a t i o n .
Very l i t t l e  c a n  be s a i d  c o n c e r n i n g  th e  p r o d u c t s  o f  th e  
b r o m i n a t i o n  o f  t a n t a l u m  and n iob ium  i n  m e th a n o l ,  B rad ley^  
has  p o s t u l a t e d  t h e  r e a c t i o n
Nb(OR)e »  (R0)*Nb-0 + R*" (21)
and s t a t e s  t h a t  t h i s  r e a c t i o n  o c c u r s  more e a s i l y  f o r  n iob ium  
m e thox ide  t h a n  f o r  t a n t a l u m  m a th o x id e .  T h is  p r o d u c t  c o u ld  
g iv e  t h e  NbOPs"^ complex io n  r e a d i l y .  I t  a l s o  f o l l o w s  t h a t  
t a n t a l u m  form s  com plexes  c o n t a i n i n g  th e  TsP q""® io n  more 
r e a d i l y  t h a n  n iob ium  d o e s .
E x p e r i m e n t a l l y ,  by o u r  now method,  i t  was d i f f i c u l t  
t o  p r e p a r e  t h e  n iob ium  and t a n t a l u m  com plexes  f r e e  from ox ide  
o r  mixed oxy compounds.  I f  o x ide  f o r m a t i o n  o c c u r s  i n  th e  
b r o m in a t i o n  s t e p ,  i t  may be n e c e s s a r y  t o  use  a l a r g e  e x c e s s  
of  b rom ine  t o  ( 1 ) speed  up th e  b r o m in a t io n  o f  m e t a l ,  (2 ) t o  
h i n d e r  t h e  f o r m a t i o n  o f  HBr which t h e n  can  form w a t e r  by 
r e a c t i n g  w i t h  m e th a n o l ,  and (3 ) t o  form methoxy b rom ides  
i n s t e a d  o f  methoxy compounds which h y d r o ly z e  much more r e a d i l y  
t h a n  th e  b ro m id e s .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
15
oxygen t o  g i v e  UOgBr^ and Br^
A l th o u g h  a l l  b r o in in a t io n s  o f  vanadium have b ee n  
c a r r i e d  o u t  i n  an  a i r  a tm o s p h e re ,  t h e  b r o m i n a t i o n  s o l u t i o n s  
a r e  g r e e n  I n  t h e  p r e s e n c e  o f  e x c e s s  m e t a l .  T h is  p o i n t s  t o  
t h e  p r e s e n c e  o f  methoxy compounds. VOBr^ I s  y e l lo w -b ro w n  
and V(OR)gCla«ROH I s  g r e e n ^ ^ ^ \  T h is  known methoxy c h l o r i d e ,  
V(0R)aClj3 •ROH, I s  formed by  VCl* and m e th an o l  and su p ­
p o r t s  t h e  p o s t u l a t i o n  o f  t h e  f o r m a t i o n  o f  methoxy b ro m id e s .  
The f o r m a t i o n  o f  KgVOPg by r e a c t i o n  o f  t h e  b r o m i n a t i o n  so­
l u t i o n  w i t h  p o t a s s iu m  f l u o r i d e  s u g g e s t s  t h e  p r e s e n c e  o f  oxy 
o r  methoxy b ro m id es  o f  vanadium I n  t h e  b r o m i n a t i o n  s o l u t i o n .
The b r o m i n a t i o n  o f  vanadium i n  i s o p r o p a n o l  and i n  
n —b u t a n o l  gave g a s  e v o l u t i o n  b u t  t h e  r e a c t i o n s  ware  e x t r e m e ly  
s low . T h is  would i n d i c a t e  t h a t  th e  f o r m a t i o n  o f  a lk o x y  com­
pounds l a  s low h e r e  due t o  s t e r l c  e f f e c t s  and t h u s  th e  
b r o m i n a t i o n  I t s e l f  l a  h i n d e r e d  p e rh a p s  by th e  I n s o l u b i l i t y  of  
VBr® i t s e l f .
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CHAPTER I I
THE PREPARATION OF THE AMMONIUM FLUOROMETALLATES
V a r io u s  ammonium f l u o r o m e t a l l a t e s  o f  u ran ium  and th e  
Group V m e t a l s  have b e e n  p r e p a r e d  and s t u d i e d  i n  o t h e r  
l a b o r a t o r i e s .  D i s c u s s i o n s  c o n c e r n in g  t h e s e  complexes a r e  
g i v e n  u n d e r  t h e  s e c t i o n s  d ev o ted  t o  e a c h  m e t a l  complex 
p r e p a r a t i o n .  S p e c i f i c  d i s c u s s i o n s  a b o u t  th e  p r e p a r a t i o n s  of  
ammonium f l u o r o m e t a l l a t e s  from m e th an o l  s o l u t i o n  a r c  a l s o  
g i v e n  i n  t h e s e  l a t e r  s e c t i o n s .  P ro c e d u r e s  f o r  t h e  p r e p a r a t i o n s  
and m ethods o f  a n a l y s i s  a r e  g iv e n  i n  the  a p p e n d ix .
The p r e p a r a t i o n  o f  th e  ammonium f l u o r o m e t a l l a t e s  from 
m e th an o l  was,  i n  g e n e r a l ,  c a r r i e d  ou t  by th e  method o f  
H a e n d le r ,  Johnson  and C r o c k e t ^ . That i s ,  th e  m e t a l  b rom ide 
s o l u t i o n  was added t o  a r a p i d l y  s t i r r e d ,  s a t u r a t e d  s o l u t i o n  o f  
ammonium f l u o r i d e  i n  m e th a n o l .  A l a r g e  e x c e s s  o f  ammonium 
f l u o r i d e  was u s e d .  The complexes were f i l t e r e d  o f f ,  washed 
f r e e  o f  bromide w i t h  d i l u t e  ammonium f l u o r i d e  i n  m e th an o l  o r  
w i t h  m e th an o l  and d i g e s t e d  a t  room t e m p e r a t u r e  i n  ammonium 
f l u o r i d e  s o l u t i o n  f o r  a t  l e a s t  tw en ty —f o u r  h o u r s .  The com­
p l e x e s  were f i l t e r e d  o f f ,  r i n s e d  w i t h  m e th an o l  and th a n  w i t h  
e t h e r  and a i r  d r i e d .
S e v e r a l  c o m p l i c a t i o n s  a r o s e  d u r in g  th e  p r e p a r a t i o n s ,  
however,  due t o  t h e  p r e s e n c e  o f  e x c e s s  b ro m in e .  Niobium and 
t a n t a l u m  b ro m in a te  o n ly  w i t h  d i f f i c u l t y  and t h e s e  r e a c t i o n s  
were f a c i l i t a t e d  by th e  use  of a l a r g e  e x c e s s  o f  b romine .
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f o r m a t i o n  and may l e a d  t o  In co m p le te  p r e c i p i t a t i o n  o f  th e  
f l u o ro m e t a 1 1 a t a  o r  t o  f o r m a t i o n  o f  com plexes  c o n t a i n i n g  f e w e r  
ammonium and f l u o r i d e  a tom s .  I f  ammonium com plexes  a r e  a l lo w ed  
t o  s ta n d  i n  t h e  p r e s e n c e  of  b ro m in e ,  a breakdown o f  th e  com­
p l e x e s  may o c c u r  ( r e a c t i o n  5 ) .
Hydrogen f l u o r i d e  may bo formed as  a p r o d u c t  o f  th e  
r e a c t i o n  o f  bromine where ammonium f l u o r i d e ,  n o t  ammonia, i s  
i n v o lv e d  ( r e a c t i o n  5 ) .  Complexes c o n t a i n i n g  h y d ro g en ,  such  
a s  KgHNbOFy, a r e  k n o w n ^ \  This  s u g g e s t s  t h a t  th e  p r e s e n c e  
o f  HF may l e a d  t o  v a r y i n g  c o m p o s i t i o n  i n  th e  f l u o r o m e t a l l a t e s .
Monobromoaralne i s  i n s o l u b l e  i n  e t h e r .  Thus th e  com­
p l e x e s  must be washed t h o r o u g h l y  w i t h  m e thano l  o r  ammonium 
f l u o r i d e  i n  m e th an o l  b e f o r e  w ash ing  w i t h  e t h e r .
F u r t h e r  c o m p l i c a t i o n s  a r o s e ,  p a r t i c u l a r l y  i n  the  
p r e p a r a t i o n  o f  th e  t a n t a l u m  and n iob ium  com plexes ,  due t o  
th e  p r e s e n c e  of  w a t e r .  One m a jo r  s o u rce  of  w a t e r  was from 
ammonium f l u o r i d e .  Thus a method was d ev e lo p ed  f o r  th e  
rem ova l  o f  w a te r  from th e  ammonium f l u o r i d e  co m m e rc ia l ly  
a va l i a b l e ,
Ammonium f l u o r i d e  can be made by  p a s s i n g  NHg gas  i n  
e x c e s s  th r o u g h  an  aqueous s o l u t i o n  o f  HF. Ammonium f l u o r i d e  
p r e c i p i t a t e s  upon c o n c e n t r a t i o n  of  th e  s o l u t i o n ^ ^ . Ammon­
ium f l u o r i d e ,  c o n t a i n i n g  much a d s o rb e d  w a t e r ,  and p e rh a p s  
c o n t a i n i n g  NH4HP3 , was d i s s o l v e d  i n  h o t  I 8 F ammonium h y d r o x id e .  
Upon c o o l i n g ,  some ammonium f l u o r i d e  p r e c i p i t a t e d .  A d d i t i o n  
o f  a 1 : 3  e t h e r - m e t h a n o l  s o l u t i o n  p r e c i p i t a t e d  t h e  m a jo r  
p o r t i o n  o f  ammonium f l u o r i d e .  A f t e r  f i l t r a t i o n ,  th e  ammonium 
f l u o r i d e  was im m e d ia te ly  washed w e l l  w i t h  th e  e t h e r —m e th a n o l
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
20
B l a n c h a t t a ^ ^ ^ ^  t o  bs due t o  t h e  f o r m a t i o n  o f  methoxy compounds 
w h ich  g i v e s  f l u o r o m e t a l l a t e s  on d i g e s t i o n .  A n o th e r  r e a s o n  f o r  
t h e  n e c e s s i t y  o f  a lo n g  d i g e s t i o n  p e r i o d  f o r  a l l  th e  com plexes  
may be t h e  p r e s e n c e  o f  a l a r g e  e x c e s s  o f  b rom ide  io n  d u r in g  
p r e c i p i t a t i o n  o f  th e  com plex .  The f o r m a t i o n  o f  bromo—com plexes
(73)such  a s  (NH*)gU0 gBr4 c a n  be p o s t u l a t e d .
As B l a n c h e t t e  fo u n d ^ ^ ^ ^ ,  none o f  t h e s e  ammonium com­
p l e x e s  c a n  be d r i e d  a t  1 0 0 ° G w lthou t  d e c o m p o s i t i o n .  A ir d r y i n g  
a f t e r  w ash in g  w i t h  e th e r  or vacuum d r y i n g  must  be u se d .
Ammonium D lo x y p en ta flu o ro u ra n a te ( V I ) . (NHA)aUOsPm«
(13)B o l t o n  i n  1866 f i r s t  prepared (NH^)3 U0 gFe by  r e a c t i n g
ammonium u r a n a t a  w i t h  h y d r o f l u o r i c  a c i d  and p u r i f y i n g  by
e v a p o r a t i o n  o v e r  s u l f u r i c  a c i d .  No a n a l y s i s  i s  g i v e n  b u t  the
compound* 3 s o l u b i l i t y  i n  w a t e r  and i n s o l u b i l i t y  i n  a l c o h o l  a r e
( 17 )m e n t io n e d .  B u rg e r  , i n  1904,  p r e p a r e d  th e  compound from
ammonium d i u r a n a t e ,  p u r i f y i n g  by c r y s t a l l i z a t i o n  from w a t e r .
( 1 8 ) (62)
Gantone , i n  1907,  p r e p a r e d  i t  a s  d id  N ic h o l s  and M e r r i t t
i n  1911.
J o h n s o n ^ , i n  ou r  l a b o r a t o r i e s ,  has  p r e p a r e d
(Nlî^)gUOaFe f rom  m e th a n o l  s o l u t i o n  and a n a ly z e d  i t ,  b u t ,  
a l t h o u g h  powder d i f f r a c t i o n  d a t a  were t a k e n ,  the s t r u c t u r e  o f  
th e  complex was n o t  e s t a b l i s h e d .  Ammonium d i o x y p e n t a f l u o r o — 
u r a n a t e ( V I )  was p r e p a r e d  and a n a ly z e d  a g a i n  i n  ho p es  t h a t  th e  
s t r u c t u r e  c o u ld  be e l u c i d a t e d .  A d i s c u s s i o n  o f  i t s  s t r u c t u r e  
i s  g i v e n  i n  C h a p te r  IV,
The procedure f o r  t h e  p r e p a r a t i o n  o f  (NH4,)aU0 sFB i s  
g i v e n  i n  t h e  a p p e n d ix ,  a s  are th e  p r o c e d u r e s  used  i n  i t s
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a n a l y s i s .  Table  I  shows t h e  r e s u l t s  o f  a n a l y s e s  o f  two 
p r e p a r a t i o n s  o f  th e  compound a s  w e l l  a s  a p r e v i o u s  a n a l y s i s  
r e p o r t e d  by Johnson^^®^, The r a t i o  NH*:n:P f o r  p r e p a r a t i o n s  
I  and I I  was found t o  be 2.97  :1 . 0 0 :5.08  andL. 2,96  ;1 . 0 0 :4 *9b .
A tte m p ts  t o  p r e p a r e  ammonium f l u o r o m e t a l l a t e s  o f
u ra n iu m ( IV) were u n s u c c e s s f u l .  As shown i n  C h a p te r  I , p . l l ,
Table  I
A n a ly s i s of  (NH4 ).3U0sPb
Johnson* a P r e p a r a t i o n P r e p a r a t i o n
A n a lv s i s R e s u l t s I I I The o r
(^) (^) (^ )
NH4 1 3 .0 9 12 .23 1 2 .7 7 12.88
1 3 .2 2 1 2 .2 3 1 2 .7 3
- 1 2 .8 9
U 56.83 56.29 56.85 56.81
5 5 .9 2 56.81 5 6 . 96
5 6 .1 2 56.05
P 22.51 2 2 .9 2 22.68 22.68
22.63 2 2 .8 0 22.68
2 2 .6 3 2 2 .1 1
2 2 .7 4
t h e  u ran ium (IV )  compounds formed i n  th e  b r o m i n a t i o n  p r o c e s s  
a r e  r e a d i l y  o x id i z e d  to  t h e  u r a n y l  compounds l e a d i n g  to  
u ranium i n  mixed o x i d a t i o n  s t a t e s  even  u n d e r  c a r e f u l  e x c l u s i o n  
o f  a i r  and h e a t .  O x id a t io n  o f  u ran ium  m e t a l ,  suspended  i n  
ammonium f l u o r i d e —m e th a n o l  s o l u t i o n ,  w i t h  hyd rogen  bromide gave 
a g r e e n  p r o d u c t  mixed w i t h  UOg. A t te m p ts  t o  i d e n t i f y  t h e  g r e e n  
p r o d u c t  by  powder d i f f r a c t i o n  work on th e  o r i g i n a l  p r o d u c t  and 
on th e  p r o d u c t ,  a f t e r  l e a c h i n g  w i t h  w a t e r ,  f a i l e d .  O x id a t io n  
o f  u r a n iu m , i n  ammonium f l u o r i d e  s o l u t i o n ,  w i t h  bromine l e d
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a g a i n  t o  a g r a e n  p r o d u c t  mixed w i t h  UO^. The powder p a t t e r n  
o f  t h i s  p r e c i p i t a t e  was s i m i l a r  b u t  n o t  e x a c t l y  th e  same a s  
t h a t  f o r  th e  p ro d u c t  from o x i d a t i o n  w i t h  hy d ro g en  b ro m id e .
I t  i s  known^^^^ t h a t  K3UP7 h a s  two fo rm s ,  th e  o rd e re d  t e t r a g ­
o n a l  form which  i s  i s o s t r u o t u r a l  w i t h  KgUOsFs, and th e  d i s ­
o rd e re d  c u b i c ,  f a c e —c e n t e r e d  fo rm .  I f  JgUPy ware formed 
i n  th e  b r o m i n a t i o n  o f  uranium i n  ammonium f l u o r i d e  s o l u t i o n .
I t  i s  n o t  Imown what s t r u c t u r e  m igh t  r e s u l t .  In  any c a s e ,  
th e  p a t t e r n s  of  o u r  g r e e n  p r e c i p i t a t e s  were to o  complex to  
use even  q u a l i t a t i v e l y .  Many o f  th e  l i n e s  o f  th e  p a t t e r n s  of  
UOg and UF^ o v e r l a p .  Thus th e  UO  ^ im p u r i t y  i n  th e  g r e e n  p r e ­
c i p i t a t e s  p r e v e n te d  th e  i d e n t i f i c a t i o n  o f  UP4 from o u r  X—r a y  
d a t a .  However, the  i n s o l u b i l i t y  i n  w a te r  o f  the  g r e e n  p r e —
(53)c i p i t a t ©  s u g g e s t s  g r e e n ,  w a te r  i n s o l u b l e  UP^ to  be a
component o f  th e  p r e c i p i t a t e  i n  b o t h  o x i d a t i o n s .  T h is  a g r e e s  
w i t h  t h e  r e s u l t  m entioned  i n  C h a p te r  I ,  p .  9, where XJP4 *1 . 5 HaO 
was formed w i t h  aqueous h y d r o f l u o r i c  a c i d .
Ammonium O x y h ex a f lu o ro n lo b 8 t@(V), (NH6 )gNbOFH. De
Marlgnac^^^^ f i r s t  prepared (NH^)3NbOP8 i n  I 8 6 8  from aqueous 
s o l u t i o n ,  b u t  gave no a n a ly s i s  o f  h i s  p r o d u c t .  He s t a t e s  t h a t  
the  complex i s  c u b i c .  Baker^^^ r e p o r t e d  th e  p r e p a r a t i o n  of  
th e  compound a g a i n  i n  1 8 7 9  and c la im ed  t h a t  t h i s  compound and 
i t s  p o ta s s iu m  an a lo g u e  were s t a b l e  a t  100°G. No a n a l y s i s  o f  
th e  p r e p a r a t i o n  was g i v e n .
B lanche t t© ^^^^  p r e p a r e d  th e  complex,  a n a ly z e d  i t  and 
d e te rm in e d  i t s  s t r u c t u r e  as  f a c e —c e n t e r e d  c u b i c .  Because o f  
d i f f i c u l t y  i n  p r e p a r a t i o n ,  we have r e p e a t e d  B l a n c h e t t e * s  work.
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the p rep a ra tio n  in  1875 and used the r e a c t io n  o f  hydrated  
tantalum  p en to x id e  w ith  a c o n c e n tr a te d , aqueous s o lu t io n  o f  
ammonium f lu o r id e  s o lu t io n .  He s t a t e s  th a t  the com plex form s 
o c ta h e d r a l c r y s t a l s  and i s  w ater  s o lu b le .
A nother a ttem p t was made to  prepare an ammonium f lu o r o —
t a n t a la t e  from m eth an ol. Table I I I  shows th e  a n a ly s e s  o f  th e  
p r e p a r a t io n s . B la n c h e tte  * a compound and our p rep a ra tio n  I  
were prepared w ith  ammonium f lu o r id e  w hich had n ot been  d r ie d .
Our p rep a ra tio n s  I I  and I I I  were prepared when the h um id ity
was above 1^.0 ,^ P rep a ra tio n  IV was prepared when the h u m id ity  
was 25—30^ .
Table I I I
A n a ly s is  o f  Ammonium P lu o ro ta n t© la te  P rep a ra tio n s
A n a lv s is
B la n c h e tte  ' s 
P rep a ra tio n
IJ).....
P rep a r - Prapaiw Prepar­
a t io n  I I I  
(^ )
NH4 1 4 .3 1











5 7 .7 0
57.63
5 4 .4 6
53.81
F 3 9 .5 9
39.77
21.91
2 2 .0 7
22.07
2 3 .9 7
2 4 .1 1
2 6 .4 5
2 6 .9 2
2 7 .1 5
F/NH* 2 .64 2.50 2 .3 9 2 .3 5
A n a l y s i s
P re p a ra tio n
IV TaOP« (NH*)gTaF« 
— —(^) )
KH4 1 3 .4 4
1 3 .4 9
1 4 .8 3 1 4 .0 1
Ta 5 1 .2 0
5 0 .7 9
4 9 .5 6 4 6 .7 6
F 3 0 .4 1
30.54
3 1 .23 39.26
F/NH^ 2.15 2.00 2.67
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(NH*)3 T@FQ, c a n  bo raado i n  a p u re  s t a t e  by  p r e c i p i t a t i o n  f rom 
m e th a n o l  u s in g  th e  b rom ide  s o l u t i o n .  As soon  i n  C h a p te r  I ,  
p .  12 ,  TaBre may r e a c t  w i t h  m e th an o l  t o  form  HBr, w h ich  i n  
t u r n  c a n  r e a c t  w i t h  m e th an o l  t o  form w a t e r .  I t  i s  p r o b a b ly  
th e  p r e s e n c e  o f  t h i s  s m a l l  amount o f  w a t e r  w h ich  p r e v e n t s  a 
s u c c e s s f u l  p r e p a r a t i o n  ev en  though  th e  s t a r t i n g  m a t e r i a l s  a r e  
d r y .  Thus no f u r t h e r  a t t e m p t  was made t o  p r e p a r e  a p u re  t a n ­
ta lu m  compound.
Ammonium O x y p en ta f lu o ro v an ad a t©  ( I V ) , (NHa ) wVOFr . 
T re a tm en t  o f  vanadium t e t r o x i d e  w i t h  h y d r o f l u o r i c  a c i d  and 
t h e n  w i t h  NH^F y i e l d s  (NH*) gVOFg a c c o r d i n g  t o  P e t o r s e n ^ ^ ^ ^ «
The m a t e r i a l  i s  d e s c r i b e d  as  b l u e ,  a lm o s t  r e g u l a r  o c t a h e d r a l  
c r y s t a l s  w h ich  a r e  doub ly  r e f r a c t i n g .  No a n a l y s i s  was g iv e n  
o f  th e  compound. The compound h a s  b ee n  p r e p a r e d  from mebhanol 
s o l u t i o n  i n  t h i s  l a b o r a t o r y  by Jo h n s o n ^ ^ ^ ) and a g a i n  by 
B la r io h e t t e  ^ . I n  b o th  c a s e s  th e  compound was p roved  by 
a n a l y s i s  and co u ld  n o t  be indexed  a s  c u b i c .
I n  a n o t h e r  a t t e m p t  t o  in d e x  th e  s t r u c t u r e  o f  th e  com­
pound,  (NH^)gVOFe was p r e p a r e d  a g a i n .  A n a ly s e s  o f  two p r e ­
p a r a t i o n s  and a n a l y s e s  by Johnson^^^^ and B l a n c h e t t e a r e  
shon* i n  Table  IV,
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Table IV
A n a ly s is  o f  (HH* )aV0P5
A n a ly s is B la n c h e tte Johnson I , -  IJ ,-- The or(i) (i)
25.25
24.85
2 4 .5 0
2 4 .6 1
2 4 .2 8
2 4 .2 8
2 4 .3 2
2 4 .3 9
2 5 .0 5
V 23.84
23.94
2 3 .5 0
2 3 .4 4
2 2 .9 1
2 3 .2 2
2 3 .7 4
2 3 .7 0
23.84




4 4 .0 0
4 4 .7 2
4 4 .6 0
4 4 .8 0
4 4 .3 5
4 4 .1 0
4 4 .7 0
4 3 .5 5
4 3 .7 5
43.97
U sing the r e s u l t s  f o r  our p r e p a r a t io n s , the mole 
r a t io  NH^tVîP was found to  be 2 . 9 4 :1 . 0 0 :5 .09  and 2 . 8 8 :1 . 0 0 :
4 . 89 .
I t  was found th a t  upon lo n g  sta n d in g  the com plex be­
came dark y e llo w —g re e n . This m ight in d ic a te  d eco m p o sitio n  to  
(NH^)aV0P4, but powder d i f f r a c t i o n  work showed no change in  
p a t t e r n  f rom t h a t  o f  the o r i g i n a l  m a te r ia l .  B l a n c h ® t t © ^  
found  su c h  a d e c o m p o s i t io n  a t  h i g h e r  tem p era tu res . A lthough  
our com plex was n o t h e a te d , th e  same d eco m p o sitio n  may occu r  
s lo w ly  a t  low er tem p era tu res. We found th a t  (NH^)gVOPe cou ld  
n o t be d r ied  a t  100° C w ith o u t e x te n s iv e  d eco m p o sitio n .
The h ig h  f lu o r id e  co n te n t o f  B la n c h e tte  * s p rep a ra tio n  
s u g g e s ts  th e  p resen ce  o f  (NH4k)aVPe. In d eed , a s  shown in  
Chapter IV, the powder p a tte r n s  o f  our (NH4 )gV0F6 show f a i n t l y  
the th r e e  s tr o n g e s t  l i n e s  o f  ( ) sVFg . P a s s e r in i  showed
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(NH4 )aVPa t o  be g r a s s  g r e e n ^ ^ ^ \  I t  c a n  be s e e n  f rom  th e  
p o s t u l a t e d  r e a c t i o n s  f o r  t h e  b r o m i n a t i o n  o f  vanadium i n  
m e th a n o l .  C h a p te r  I ,  p .  14 ,  t h a t  VBr^ i s  a p o s s i b l e  i n t e r ­
m e d ia te  m a t e r i a l  and m ig h t  l e a d  t o  (NH^)aVPQ i n  r e a c t i o n  w i t h  
ammonium f l u o r i d e .
I t  m ig h t  be n o te d  h e r e  t h a t  th e  c h a r a c t e r  o f  (NH4,)aV0PB 
when f i r s t  p r e c i p i t a t e d  i s  ver ; /  g e l a t i n o u s  and i s  y e l lo w —g r e e n  
i n  c o l o r .  Upon a i r  d r y i n g ,  t h e  complex becomes powdei*^,' and 
p a l e  b l u e —g r e e n .  The c o l o r  change c a n  be r e v e r s e d  i f  th e  d ry  
m a t e r i a l  i s  a l lo w ed  t o  s ta n d  f o r  s e v e r a l  h o u r s  i n  m e th a n o l .
T h is  c o l o r  change seems t o  i n d i c a t e  t h a t  t i e  complex i s  
m o th a n o la te d  i n  m e th a n o l .  The m e th a n o l  i s  bonded l o o s e l y ,  
how ever ,  a s  c a n  be se e n  by i t s  e a s y  rem ova l  by vacuum o r  a i r  
d r y i n g .
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CHAPTER I I I
THE PREPARATION OP THE POTASSIUM FLUOROMETALLATES
As i n  C h a p te r  I I ,  th e  p r e p a r a t i o n  o f  t h e s e  p o t a s s iu m  
f l u o r o m e t a l l a t e s  by o t h e r  m ethods  and th e  s p e c i f i c  d i s c u s s i o n s  
and r e s u l t s  r e g a r d i n g  th e  p o ta s s iu m  f l u o r o m e t a 11a t e s  p r e p a r e d  
h e r e  a r e  d i s c u s s e d  u n d e r  l a t e r  s e c t i o n s  i n  th e  c h a p t e r .  
P ro c e d u r e s  f o r  th e  p r e p a r a t i o n s  a r c  g iv e n  i n  th e  a p p e n d ix .
The p r e p a r a t i o n  o f  t h e  p o ta s s iu m  f l u o r o m e t a l l a t e s  
from m e thano l  a g a i n  in v o lv e s  th e  a d d i t i o n  o f  th e  m e t a l  b romide 
s o l u t i o n s  t o  a s o l u t i o n  o f  p o ta s s iu m  f l u o r i d e  i n  m e th a n o l .
The p r o c e d u r e  d i f f e r s  somewhat from th e  p r e p a r a t i o n  o f  th e  
ammonium f l u o r o m e t a l l a t e s  how ever .  The r e a s o n s  f o r  a change 
i n  p r o c e d u r e  a r e  biio i n s o l u b i l i t y  o f  p o t a s s iu m  b ro m id e ,  t h e  
foaxnat ion  o f  i n s o l u b l e  KHFq when HBr o r  e x c e s s  bromine i s  
p r e s e n t  i n  the  bromide s o l u t i o n s ,  and th e  s t a b i l i t y  o f  th e  
p o ta s s iu m  complexes a t  110°C.
The s o l u b i l i t y  o f  p o ta s s iu m  brom ide i n  m e th an o l  i s  
2 grams/lOO ml o f  m e th a n o l ,  a b o u t  0.2Mj t h a t  o f  p o ta s s iu m  
f l u o r i d e  i s  10 grams/lOO ml o f  m e th a n o l ,  a b o u t  1 .7M^^^^.
S ince  p o ta s s iu m  bromide i s  somewhat s o l u b l e  i n  m e th a n o l ,  i t  
may be r e a d i l y  removed from th e  com plexes  by  g r i n d i n g  o r  
l e a c h i n g  th e  m a t e r i a l  i n  m e th a n o l .  The p o ta s s iu m  bromide 
p o s t —p r e c i p i t a t e s  o n to  th e  w a l l s  o f  t h e  b e a k e r  and on t o p  o f  
th e  complex as  t h e  complex s e t t l e s  o u t .  Thus immediate  
f i l t r a t i o n  g iv e s  a p u r e r  com plex .  The use  o f  p o ta s s iu m  
f l u o r i d e  s o l u t i o n s  l a s s  c o n c e n t r a t e d  t h a n  0.2M a v o id s  th e
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t o  r e a c t  w i t h  th e  bromine o r  t h e  h y d ro g en  brom ide  p r e s e n t .
P r e c i p i t a t i o n  from a wat e r~ m e th a n o l  medium i s  p o s s i b l e  
i n  t h e  c a s e  o f  t h e  uranium com plex .  However, i n  th e  c a s e  o f  
a l l  t h e  o t h e r  p o ta s s iu m  com plexes  p r e p a r e d  h e r e  th e  p r e s e n c e  
o f  w a t e r  c a u se d  an  e n t i r e l y  d i f f e r e n t  p r o d u c t  t o  be fo rm ed .
The c o m p o s i t i o n  o f  th o s e  p r o d u c t s  i s  n o t  known. The p u r i f i ­
c a t i o n  p rob lem  became one o f  w ash in g  o u t  t h e  p o ta s s iu m  brom ide  
and p o ta s s iu m  h y d ro g en  f l u o r i d e .  I n  the  c a s e  o f  th e  n iob ium  
and uran ium  com plexes ,  a w a t e r —m e th an o l  wash was s a t i s f a c t o r y .  
I n  w ash in g  th e  o t h e r  com plexes  w i t h  a w a te r -m © th an o l  s o l u t i o n  
a d i f f e r e n t  p r o d u c t  was a g a i n  fo rm ed .  Thus m e th an o l  seamed 
t o  be t h e  o n ly  s o l v e n t  a v a i l a b l e  which was s u i t a b l e  f o r  
w ash ing  a l l  f o u r  p o ta s s iu m  f l u o r o m a t a l l a t e s  p r e p a r e d  h e r e .  
E x t e n s i v e  w ash ing  w i t h  m e th a n o l ,  a l t h o u g h  t im e consuming, i s  
s a t i s f a c t o r y  f o r  th e  p u r i f i c a t i o n  o f  th e  p o ta s s iu m  f l u o r o — 
m e t a l l a t e s .
P o ta s s iu m  D io x y p e n t a f l u o r o u r a n a t e ( V I ) ,  KgUOaFB♦
(13)B o l to n  f i r s t  r e p o r t e d  KgUOjsPg i n  i 8 6 0  • Ha used th e
r e a c t i o n  o f  u r a n y l  n i t r a t e  i n  aqueous s o l u t i o n  w i t h  p o ta s s iu m
f l u o r i d e  and p u r i f i e d  th e  complex by w ash ing  w i t h  c o ld  w a t e r .
( Ç )
No a n a l y s i s  o f  th e  compound was g i v e n .  B aker  a g a i n  r e ­
p o r t e d  t h e  compound i n  I 8 ÔO. His a n a l y s i s  i s  g iv e n  i n  Table 
I .  G i o l i t t e  r e p o r t e d  i t  i n  1905^^^^ .  Z a c h a r ia s e n ^ ^ ^ ^  h as  
p r e p a r e d  th e  compound by th e  r e a c t i o n  o f  c o n c e n t r a t e d  aqueous 
s o l u t i o n s  o f  p o ta s s iu m  f l u o r i d e  and u r a n y l  n i t r a t e  and sub­
s e q u e n t  c r y s t a l l i z a t i o n  from h o t  aqueous  s o l u t i o n .  His
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a b l e  fro m  t h a t  o f  KgUOgPe a u g g a s t l n g  t h a t  i t  i s  a m ix tu re  o f  
KgUOaPe and K3UP7 , th@ powder p a t t e r n s  o f  t h e s e  two compounds 
b ein g  n e a r l y  i d e n t i c a l ^ ^ . An a n a ly s is  showed 25 . 23^ F and
k9 *33% U. The t h e o r e t ic a l  f o r  K3UF7 i s  2 7 . 23^ F and j+8 . 73$( U.
(77 )S ta r itz k y  has prepared m o n o c lin ic , p r ism a tic
p en ta p o ta 8sium d iu ra n y l e n n e a flu o r ld e  by the r e a c t io n  o f
u r a n y l  n i t r a t e  and p o ta s s iu m  f l u o r i d e  i n  d i l u t e  aqueous
s o l u t i o n .  No f u r t h e r  d e t a i l s  are g i v e n  on th e  p r e p a r a t i o n .
I t  i s  in t e r e s t in g  t o  n o te  th a t ,  i n  ou r  p r ep a ra tio n , even  upon
e x te n s iv e  le a c h in g  w i t h  m e th a n o l ,  th ere  was no i n d i c a t i o n  o f
any fo im ia t io n  o f  Ks(UOa)Qp0 .
/ ft T ÎWalker  h a s  a l s o  p r e p a r e d  t r i p o t a s s i u m  d i u r a n y l  
h e p t a f l u o r i d ®  d i h y d r a t e .  Kg(ÜO3 )aP7'«2 HaO, by m ix in g  aqueous 
s o l u t i o n s  o f  p o ta s s iu m  hydrogen  f l u o r i d e  and u r a n y l  n i t r a t e  
and s lo w ly  e v a p o r a t i n g  a t  room t e m p e r a t u r e .  The d i h y d r a t e  i s  
m o n o o l in io .  S ince  KHF% i s  formed from HBr and Br% and p o ta s ­
sium f l u o r i d e  i n  our  complex p r e p a r a t i o n s  i n  m e th a n o l ,  i t  was 
th o u g h t  th a t  Kg(UOg)0p 7 m ig h t  form . T h is , how ever, was n o t  
th e  c a s e .  The g r e a t  i n s o l u b i l i t y  o f  EHFg in  m e th an o l  ap— 
p a r en tly  e l im in a te s  the problem o r  e l s e  o u r  c o n c e n t r a t i o n s  o f  
p o ta s s iu m ,  f l u o r i d e  and o f  the u r a n y l  g roup  d id  n o t  a p p ro x i ­
mate th o se  o f  W alker .
P o ta s s iu m  O x y faex a f lu o ro n lo b a te (V ) , KaNbOF». Baker^^^ 
r e p o r t e d  th e  p r e p a r a t i o n  o f  KgNbOFg by f u s i n g  NbgOg w i t h  ex­
c e s s  p o ta s s iu m  hydrogen  f l u o r i d e  and c r y s t a l l i z i n g  the fu sed  
mass f rom  h o t  w a ter . His a n a ly s is  o f  th e  compound i s  g iv e n
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(51)r e p o r t e d  th e  p r e p a r a t i o n  o f  Kg Ta OF g by  r e a c t i o n  o f  hy­
d r a t e d  t a n ta lu m  p e n to x id e  w i th  a c o n c e n t r a t e d ,  aqueous  
s o l u t i o n  o f  p o ta s s iu m  f l u o r i d e  and h y d r o f l u o r i c  a c i d .  T h is  
p r e p a r a t i o n  i s  th e  o n ly  one found  i n  th e  l i t e r a t u r e .  No 
a n a l y s i s  o r  s t r u c t u r e  i s  g iv e n .
Our complex was p r e p a r e d  i n  th e  sane  m anner as  ou r  
n iob ium  com plex from  m e th a n o l  s o l u t i o n  and was i d e n t i f i e d  by 
th e  a n a l y s i s  shown in  Table  I I I .  ^ g a in ,  p r o c e d u r e s  and 
m ethods o f  a n a l y s i s  a r e  g iv e n  in  th e  a p p e n d ix .
T able  I I I
A n a ly s i s  o f  Kg Ta OFg
A n a ly s is
K
Ta
T h e s is
2 6 .4 3
2 6 .3 9
2 7 .1 4
4 2 .4 9
4 2 .1 4
4 2 .4 9
2 6 .0 4
26 .2 8
The o r .  
KgTaOFg
2 7 .3 9
4 2 . 2 4
2 6 .6 2
Hie mole r a t i o  o f  K :T a:P  i s  2 . 9 1 : 1 . 0 0 : 5 . 8 8 .
P o ta s s iu m  O x y p e n ta f lu o ro v a n a d a te ( IV), KgVOPg. The 
compound, KgVOPg, seems n o t  to  have b ee n  p r e p a r e d  p r e v i o u s l y
(75)to  o u r  w ork . Simons m e n tio n s  o n ly  th e  compound KgVOPg, 
p re p a re d  by th e  r e a c t i o n  o f  VP^ o r  VOPg w i th  p o ta s s iu m  
f l u o r i d e  In  aqueous h y d r o f l u o r i c  a c i d .
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CHAPTBR IV
STRUCTURAL STUDIES OP THE PLUOROMETALLATSS 
USING THE POWDER DIFFRACTION TSCHNI^DE
Powder d i f f r a c t i o n  d a ta w a re  t a k e n  f o r  a l l  th e  com­
pounds p r e p a r e d  h e r e  and t h e  s i z e  o f  th e  u n i t  c e l l s ,  w h ich  
w ere  n o t  p r e v i o u s l y  known, h a v e  b e e n  d e te r m in e d .  D e n s i ty  
m e a s u r e m e n t s  w e r e  t a k e n  f o r  u s e  i n  t h e  c a l c u l a t i o n  o f  t h e  
number" o f  f o r m u l a - u n i t s  p e r  u n i t  c e l l o  D ata c o n c e r n i n g  
s t r u c t u r e  a r e  t a b u l a t e d  i n  T ab le  I .  D i s c u s s io n s  o f  th e  
s t r u c t u r e s ,  h ow ever, a r e  g iv e n  u n d e r  th e  l a t e r  s e c t i o n s  de­
v o te d  t o  e a c h  com plex . The e x p e r im e n ta l  p ro c e d u r e  used  in  
th e  d e n s i t y  m easu rem en ts  i s  g iv e n  in  S e c t io n  V o f  th e  
A ppendix . M ethods o f  c a l c u l a t i o n  a r e  g iv e n  i n  S e c t io n  VI o f  
th e  A ppend ix .
Ammonium P e n t a f l u o r o d i o x v u r a n a t e (VI) and P o ta s s iu m
/ g / ^
P e n ta f lu o r o d io x v u r a n a t® ( V I) . P r i e d  h a s  g iv e n  th e  c r y s t a l
s t r u c t u r e  o f  KgUOaFg and h a s  d e t e r m i n e d  bond l e n g t h s  an d  b o n d
s t r e n g t h s .  Z ach ar iasen ^® ^^  h a s  r e c e n t l y  d e t e r m i n e d ,  by 
F o u r i e r  a n a l y s i s ,  th e  c r y s t a l  s t r u c t u r e  as  t e t r a g o n a l  w i t h  
"a"=  9 .1 6 0  A and 18 .167  A* The u n i t  c e l l  c o n t a i n s  e i g h t
S3fo rm u la  u n i t s .  The UOaPg““ g ro u p  h a s  th e  s t r u c t u r e  o f  a p e n ta ­
g o n a l  b ip y ra ra ld  w i th  th e  oxygen atom s a t  th e  p ea k s  and th e  
f l u o r i n e  atom s a t  th e  c o m e r s  o f  th e  p e n ta g o n .  The p o ta s s iu m  
a to m s  a r e  a r r a n g e d  b e tw e e n  t h e s e  b ip y ra m id s  so  t h a t  K j i s  
a s s o c i a t e d  w i t h  s i x  f l u o r i n e  a to m s, K j j  w i t h  f o u r  f l u o r i n e
atom s and f o u r  oxygen a to m s, and K j j j  w i t h  two oxygen atom s
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and s i x  f l u o r i n e  atoms
The ” d ” v a lu e s  found  f o r  o u r  p r e p a r a t i o n  o f  KgUOgFg 
m atched th o s e  found  by Z achariasen^® ^^  f o r  h i s  p r e p a r a t i o n  o f  
KgUOajFa from  aqueous s o l u t i o n .  Dunn^^®^ g iv e s  d i f f e r e n t  "d" 
v a lu e s  f o r  h i s  p r e p a r a t i o n .  I t  would be i n t e r e s t i n g  t o  know 
D u n n 's  method o f  p r e p a r a t i o n  and th e  a n a l y s i s  o f  h i s  compound.
As n o te d  i n  T able  I ,  th e  u n i t  c e l l  o f  (NH^)sUOePb
seems to  be i s o s t r u e t u r a l  w i t h  t h a t  o f  KgUOsFg and i s  t e t r a —
o o
g o n a l  w i th  "a"=  9»70 a and " c "= 1 8 ,9 1  A. The compound con­
t a i n s  e i g h t  fo rm u la  u n i t s  p e r  u n i t  c o l l .  T ab le  I I  shows th e  
powder d i f f r a c t i o n  d a ta  f o r  (NH^)gU0 gF8 . ''Sin^O-Q^g" a re  
d e te rm in e d  from  th e  o b se rv e d  0  and "Sin^^-ggTcd" c a l c u l a t e d
u s in g  th e  v a lu e s  o f  "a "  and ”c ” g iv e n  i n  T ab le  I I .  These 
” S i n ^ "  v a lu e s  a r e  in c lu d e d  t o  show th e  f i t  o f  th e  d a ta  t o  the  
t e t r a g o n a l  p a t t e r n .  I t  was n o te d  t h a t  s e v e r a l  l i n e s  were r e ­
so lv e d  i n  th e  (NH^jgUOaPe p a t t e r n  w h ich  were o n ly  b ro a d  l i n e s  
i n  th e  KaUOj3p 0 p a t t e r n .  T h is  would s u g g e s t  t h a t  KgUOgPg 
a p p ro a c h e s  c u b ic  symmetry more c l o s e l y  th e n  does  (NH^)gUOaF©<. 
T h is  i s  a l s o  su g g e s te d  by th e  f a c t  t h a t  th e  r a t i o  o f  c / a  f o r  
th e  p o ta s s iu m  com plex i s  1 .9 8  where a s  th e  r a t i o  i s  1 . 9 5  f o r  
th e  ammonium com plex .
Ammonium H e x a f lu o ro x y n io b a t e (V) and P o ta s s iu m  Hexa—
25f lu o r o x y n l o b a t e (V) . Da M arignac h a s  s t a t e d  t h a t  (NH^)gNbOF6 
fo rm s c u b ic  c r y s t a l s .  Baker^^^ r e p o r t e d  i t  t o  be isoraorphous 
w i th  th e  a n a lo g o u s  p o ta s s iu m  com plex . P o ta s s iu m  h e x a f lu o ro x y — 
n io b a te (V )  h as  b een  in d ex ed  by W ill ia m s  and H o a r d u s i n g  
powder d i f f r a c t i o n  d a t a . KgNbOF® i s  c u b ic ,  f a c e —c e n te r e d  w i th
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T ab le  I I
Powder D i f f r a c t i o n  D ata  f o r  (NH*)@UOBFg 
"a** = 9 .7 0  % *»c" «  1 8 .9 1  A


























1 ,0 .1 1 10
Broad
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. 0 4^oba oba S in  o a ic d
9 .6 0 6 (h a lo )  0 .0 0 6 5  O.OO63
5 .5 0 7 b  0 .0 1 9 6  0 .0 1 9 3
5 .1 8 4  0 .0 2 2 1  0 .0 2 1 3
4 . 7 6 9 b 0 .0 2 6 0  0 .0 2 5 3
—  —  0 .0 2 6 6
3 . 4 4 4  0 .0 5 0 0  0 .0 5 0 5
3 .3 8 0  0 .0 5 1 9  0 ,0 5 1 9
2 .8 6 7 b  0 .0 7 2 3  0 .0 7 2 5
—  —  0 .0 7 3 1
—  —  0 .0 7 1 8
2 .7 5 3  0 .0 7 8 4  0 .0 7 7 1
2 .597b  0 .0 8 8 1  0 .0 8 7 7
2 .4 3 4  0 .1 0 0 4  0.1011
2 .3 6 7  0 .1 0 6 0  0 .1 0 6 4
2 .2 7 4  0 .1 1 4 9  0 .1 1 3 0
2 .2 0 3  0 .1 2 2 4  0 .1 2 3 0
2 .1 6 2  0 .1 2 7 2  0 .1 2 6 3
—  —  0 .1 2 7 6
2 .1 2 9  0 .1 3 1 2  0 .1 3 1 6
2 .0 8 7  0 .1 3 6 5  0 .1 3 8 3
2 .029b  0 .1 4 4 0  0 .1 4 8 9
1 .9 7 8  0 .1 5 1 9  0 .1 5 2 9
1 .9 4 2  0 .1 5 7 7  0 .1 5 6 9
1 .8 8 0  O .I6 8 I  0 .1 6 6 2
1 .7 5 6  0 .1 9 2 9  0 ,1 9 1 5
1 .6 9 6  0 .2 0 6 5  0 .2 0 7 4
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
42
T a b le  I I I
P ow der D i f f r a c t i o n  D a ta  f o r  (NH*)aNbOPg 
" a "  = 9 .3 2  %
m .  l / l o
I 1 i
1.33. I !i
i '“ I !li-333 É
%  7 1 .2 9 2
1*244
7 3 1 ,5 5 3  20
600  2 1 .212
733 3 l : l 3 8
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s t r u c t u r a  o f  (NH^)gNbOPB h a v in g  soma random c h a r a c t e r .
Ammonium H e x a flu o ro x v ta n ta la t e (V) and P otassium  Hexa— 
f lu o r o x y ta n t a la t e (V ) . No data has been  found in  the l i t e r a ­
tu re  co n cern in g  th e  s t r u c tu r e s  o f  th e se  ammonium and p otassium
( 5 l )h ex a flu o r o x y t a n t a la  t e  a , ex c ep t th e  sta tem en t by J o ly  th a t  
the ammonium com plex form s o c ta h ed ra l c r y s t a l s .
We have found  t h a t  (NH*) gTaOF@ and KgTaOP© a r e  i s o — 
morphous and a r e  f a c e —c e n te r e d  c u b ic  i n  s t r u c t u r e .  F o r  
(NH*)gTaOF@ "a" = 9 .3 1  A, and f o r  KgTaOFg "a" = 8 .9 0  A. Each 
com plex c o n t a i n s  f o u r  fo rm u la  u n i t s  p e r  u n i t  c e l l .  The com­
pounds seem t o  be i s o s t r u c t u r a l  w i th  th e  ammonium and p o ta s s iu m  
f lu o r o x y n l o b a t e s  o f  th e  same s to i c h i o m e t r y ,  and a g a in  we s u g g e s t  
t h a t  th e  (NH*)%TaOFa and KgTaOFg s t r u c t u r e s  have  random c h a ra c ­
t e r .  T ab le  IV and V g iv e  th e  powder d i f f r a c t i o n  d a ta  f o r  
(NH4 )gTaOFg and f o r  KgTaOFg.
Ammonium P en ta flu o ro x y v a n a d a ta ( IV) and Potassium
P e n ta f lu o r o x v v a n a d a te ( I V ) . P e t e r s e n ^ d e s c r i b e d  (NH^)gVOFg
(31)as a lm ost r e g u la r , o c t a h e d r a l  c r y s t a l s . B la n c h e tte  and
Johnaon^^^^ s t a t e d  o n ly  t h a t  (NH^)gV0p6 c o u ld  n o t  be indexed  
a s  c u b i c .  No work h a s  b e e n  found i n  th e  l i t e r a t u r e  c o n c e rn in g  
KgVOFg.
As shown i n  T ab le  I ,  b o th  th e  com plexes a r e  t e t r a g o n a l
and c o n t a i n  e i g h t  fo rm u la  u n i t s  p e r  u n i t  c a l l .  For t h e  (NH^) g
VOFg u n i t  c a l l  "a"  = 9 .1 7  A and "c"  = 1 7 .6 4  A. F o r  th e  KgVOFg
c e l l ,  " a "  = 8 .7 5  A and "c"  = 1 7 .0 9  A. In  T a b le s  VI and V II
a r e  t a b u l a t e d  th e  powder d i f f r a c t i o n  data f o r  th e s e  two com­
p le x e s  .
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T a b la  V
P o w d er  D i f f r a c t i o n  D a ta  f o r  K@TaOF« 
"a" * 8 .9 0  A
h k l IÙSL ^Cb8
111 50 5 .0 7 1
200 33 4 .4 0 0
220 100 3 .1 2 5
311 17 2 .6 6 8
2 2 2 3 2 .5 5 9
4 0 0 17 2 .2 1 7
331 20 2 .0 3 6
4 2 0 5 0 1 .9 9 9
4 2 2 83 1 .8 1 3
5 1 1 ,3 3 3 50 1 .7 0 9
440 33 1 .5 7 2
531 50 1 .5 0 3
6 0 0 ,4 4 2 33 1 .4 8 1
620 67 1 .4 0 7
533 13 1 .3 5 7
622 10 1 .3 4 0
444 17 1 .2 8 4
7 1 1 ,5 5 1 33 1 .2 4 6
640 10 1 .2 3 4
642 83 1 .1 9 6
7 3 1 ,5 5 3 50 1 .1 5 8
733 7 1 .0 8 8
8 2 0 ,6 4 4 3 1 .0 7 9
8 2 2 ,6 0 0 50 1 .0 4 8
7 5 1 ,5 5 5 67 1 .0 2 8
662 50 1 .0 2 1
840 33 0 .9 9 5 8
9 1 1 ,7 5 3 67 0 .9 7 8 2
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T ab le  V II 47
P o w d er  D i f f r a c t i o n  D a ta  f o r  K@VOFg
"a** 8 .7 5  A «o« 1 7 .0 9  A
m i I/ISL
112 17
0 0 4 13
105 7
220 3
2 0 4 100
107 10
323 7







4 .9 6 4
4 .3 0 5 b
3 .1 5 7
3 .0 9 0
3 .022b
2 .3 6 0
2.264
2 .1 9 1
2 . 142b
2 .0 8 3
1 .9 3 2
1 .759b
1 .6 9 9
1 .6 7 0
S l n .  gfeja
0 .0 3 8 3
0 .0 5 0 9
0 .0 9 4 2
0 .0 9 8 3
0 .1 0 2 7
0.1684
0.1830
0 .1 9 5 4
0 .2 0 4 5
0.2162
0 .2 5 1 3
0 ,3 0 6 6
0 .3 2 4 9
0 .3 3 6 4
S in  c a lc d
0 .0 3 7 3
0 .0 5 1 4
0 .0 9 2 6
0 .0 9 7 9
0 .1 0 0 4
0 ,1 6 9 7
0 .1 8 8 0
0.1958
0 .2 0 5 6
0 .2 1 8 6
0 .2 5 4 6
0 .3 0 3 6
0 .3 2 1 4
0 .3 3 6 0
b = Broad
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( ft7 \
Z a c h a r l a s e n  h a s  s u g g e s te d  t h a t  a l l  o f  th e  c u b ic  
com plexes (NH*)gZrP7 , (NH^)gHfFY, KgZrF? and KgUP? a r e  i s o -  
s t r u c t u r a l  and t h a t ,  i n s t e a d  o f  a d i s t o r t e d  o c ta h e d r o n ,  th e s e  
MFy com plexes have th e  form  o f  a p e n ta g o n a l  b ip y ra m id ,  t h e i r  
c u b ic  s t r u c t u r e  s t i l l  b e in g  a t t r i b u t e d  t o  random o r i e n t a t i o n  
o f  g r o u p s .  The KgNbOPg com plex i s  i s o s t r u c t u r a l  w i th  (NH^)g 
Z r F ? . Thus i t  would be o f  i n t e r e s t  t o  d e te rm in e  by s i n g l e  
c r y s t a l  s t u d i e s  w h e th e r  o r  n o t  th e  NbOPg— s t r u c t u r e  i s  r e a l l y  
t h a t  o f  a p e n ta g o n a l  b ip y ra m id  w i th  th e  oxygen a t  one a p e x .
S in ce  v e ry  l i t t l e  work has  b een  c a r r i e d  o u t  c o n c e r n ­
in g  th e  s t r u c t u r e s  o f  vanadium  co m p lex es , i t  i s  d i f f i c u l t  to  
s p e c u l a t e  ab o u t th e  o r i e n t a t i o n  o f  atoms i n  th e  VOPq'^ g ro u p .
I t  i s  known, how ever, t h a t  th e  complex (NH^)gVPg i s  c u b i c . 
Thus i t  i s  s u g g e s te d  h e r e  t h a t  th e  VPg— io n  may be i n  th e  form  
o f  a r e g u l a r  o c ta h e d r o n .  I f  one f l u o r i n e  atom i s  r e p l a c e d  w i th  
a n  oxygen atom , i t  may be s e e n  t h a t  th e  o c ta h e d ro n  would be 
s l i g h t l y  d i s t o r t e d  i n  one d im e n s io n  g iv in g  a t e t r a g o n a l  form  
i n s t e a d  o f  a c u b ic  fo rm . T h is ,  o f  c o u r s e ,  i s  a p i c t u r e  much 
s i m p l i f i e d . However, s e v e r a l  com plexes o f  vanadium  a r e  known 
i n  w hich th e  c o o r d i n a t i o n  number o f  vanadium  may be s i x .  Among
th e s e  a r e  (NH4 ) 8VFg'H9 0 , NHgVPg-EEgO, EaVFg.HgO, (NH4 )gVOF4 'HaO,
( 79 )KgVFe, (NH4 )gV0 sF* and K g V O F g ' a s  w e l l  a s  (NH4 )gV0 Fg and
KgVOFg,. I f  s i n g l e  c r y s t a l s  o f  s e v e r a l  o f  th e s e  com plexes c o u ld  
be p r e p a r e d ,  a s t r u c t u r a l  s tu d y  o f  th e  s e r i e s  would s e rv e  w e l l  
to  e l u c i d a t e  some c o o r d i n a t i o n  c h e m is t ry  o f  vanadium .
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r a p id  h e a t i n g  o f  th e  m agnet c o i l s .  A one cm. s e p a r a t i o n  o f
th e  m agnet p o le s  was u s e d .
The volume o f  th e  c e l l  was d e te rm in e d  by  f i l l i n g  w i th
m e rc u ry  t o  th e  m ark  and w e ig h in g .  The volume o f  th e  c e l l  was
0 .5 3 8 7  + 0 .0 0 0 6  cra^. No c o r r e c t i o n  was made f o r  th e  cu rv ed
s u r f a c e  o f  th e  m e rc u ry  a l th o u g h  th e  s u r f a c e s  o f  th e  packed
s o l i d s  were f l a t .
To a id  i n  u n d e r s ta n d in g  th e  d i s c u s s i o n  o f  th e
s t a n d a r d i z a t i o n  o f  the  a p p a r a tu s  and th e  a c t u a l  d e t e r m in a t io n
( 72 )o f  th e  m a g n e tic  moments th e  f o l lo w in g  e q u a t io n s  a r e  g iv e n
K = Aw/Hi®A/2g = volume s u s c e p t i b i l i t y
Aw = chan^^e i n  w e ig h t  upon a p p l i c a t i o n  
o f  th e  m a g n e tic  f i e l d .
Hi= a p p l ie d  m a g n e tic  f i e l d
A = c r o s s - s e c t i o n a l  a r e a  o f  th e  c e l l
^ g  = g r a v i t a t i o n a l  c o n s t a n t
= K/d = gram s u s c e p t i b i l i t y
d = d e n s i t y
^  M ~ J ' ‘ 'wt. = m o la r  s u s c e p t i b i l i t y
 ^ri(n+^) = 2 , 8 4 )^  ~ m a g n e t ic  moment
The v a lu e  o f  th e  c o n s t a n t  Hi®A/2g was d e te rm in e d  f o r  
o u r  a p p a r a tu s  ab 2 7 ° C by f i n d i n g  th e  ^ w f o r  HgGoCSGN)^ a t  
t h i s  t e m p e r a tu r e .  The volume m a g n e tic  s u s c e p t i b i l i t y  o f  
H g C o ( 8 G N ) K ,  was c a l c u l a t e d  from  i t s  m ass s u s c e p t i b i l i t y ,
w h ich  h a s  r e c e n t l y  b e e n  d e te rm in e d  by F i g g i s  and N y h p l m ^ ^  
and w h ich  i s  1 6 . x  10*^ ® a t  20®C. The te m p e r a tu r e  c o r r e c t i o n  
f o r  th e  s u s c e p t i b i l i t y  i s  g iv e n  a s  d j i / d t  = 0 .3 3 ^  a t  2 0 ° G.
The a p p a r e n t  d e n s i t y  o f  HgCo(SGN)^ was u sed  to  c a l c u l a t e  K
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and was d e te rm in e d  from  th© w e ig h t  o f  HgGo(SGN)^ packed  i n t o
( 39 )th© c e l l  and th e  volume o f  th© c e l l ,  F re n c h  and H a r r i s o n '  
s t a t e  t h a t  " i n  th e  c a se  o f  p a ra m a g n e t ic  s o l i d s ,  e x c e p t  i n  
work o f  ex trem e a c c u r a c y ,  th e  e r r o r  in t r o d u c e d  i n  making t h i s  
a s s u m p t io n  i s  g e n e r a l l y ,  th o u g h  n o t  a lw a y s ,  n e g l i g i b l e " .  In  
t h i s  c a s e ,  s in c e  no c o r r e c t i o n  was made f o r  th e  p re s e n c e  o f  
a i r  e n c lo s e d  i n  th e  packed s o l i d ,  th e  a p p a r e n t  d e n s i t y  was 
u s e d .  No c o r r e c t i o n  was made f o r  e n c lo s e d  a i r  s in c e  th e  e r r o r
(35)i s  s m a l l  when p a ra m a g n e t ic  s u b s ta n c e s  a r e  i n v e s t i g a t e d  
Any non-hom ogeneIty  o f  p ac k in g  o f  th e  sample i n t o  th e  c e l l  
w i l l  c a u se  c o n s id e r a b le  e r r o r ,  how ever, s in c e  th e  p e r c e n ta g e  
o f  sam ple i n  th e  s t r o n g  f i e l d  b e tw een  th e  p o le s  w i l l  d i f f e r ,  
th u s  g i v i n g  a v a ry in g  a w p e r  w e ig h t  o f  sam p le .
F ig g i s  and Nyholm^-^^^ , i n  d e te r m in in g  th e  m ag n e tic  
s u s c e p t i b i l i t y  o f  HgCo(S0N)4,, packed th© c e l l  by f i l l i n g  th e  
c a l l  and t a p p in g  i t  100 t im e s  a g a i n s t  wood a f t e r  e a c h  a d d i t i o n ,  
I n  o u r  work th e  c e l l  was a l t e r n a t e l y  f i l l e d  and ta p p ed  u n t i l  
t a p p in g  gave no change i n  volume o f  th e  m a t e r i a l  and th e  
m a t e r i a l  had rea c h e d  th e  mark on t h e  c e l l . T h is  p ro c e d u re  
gave c o n s i s t e n t  p a c k in g  so t h a t  th e  ran g e  o f  a p p a re n t  d e n s i t y  
was 1 .0 7 9 5  to  1 .2181  gras/cm .^ , a v a r i a t i o n  o f  _+ 6 ^ .
The c o n s t a n t ,  H]%/ g ,  f o r  o u r  a p p a r a tu s  was found  t o  
b© 3 0 3 0 . 7^ 3 2 . 9 c m . T h e  v a r i a t i o n  was + 1 .1 ^ ,  S in ce  o u r  
a p p a r a tu s  was n o t  te m p e ra tu re  c o n t r o l l e d ,  any a t t e m p ts  t o  
a t t a i n  r e s u l t s  b e t t e r  th a n  1^  would be f u t i l e .
D©te r m in a t i o n s  o f  th e  m a g n e tic  s u a c a p t i b i l i t l e s  o f  
s ta n d a r d  and f lu o r o m s ta l l a t ©  compounds were t h e n  u n d e r ta k e n
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th e  com plexes c o n t a i n  v a n a d iu m ( I I I )  and vanadiurn(V) do n o t  
seam p l a u s i b l e  s in c e  a m a g n e tic  moment o f  a b o u t  2 . 0 ^  would 
be e x p e c te d  f o r  a 1 :1  m ix tu r e ,  s in c e  a h i g h l y  c o lo re d  com­
pound would be e x p e c te d ,  and s in c e  a b lu e  s o l u t i o n  i s  formed 
a p p r o p r i a t e  to  VO** io n  whan th e  compound i s  d i s s o lv e d  i n  
w a t e r .
Table I
The M agnetic  S u s c e p t i b i l i t y  o f  (NH*)gVOF0 and o f  KgVOPg
S u s c e p t i b i l i t y  
Compound (m agnetons) '
(NH^)aVOFB 1 .7 2
1 .6 9  
1 .7 3  
1 .5 9
KgVOFg 1 .6 9
1 .6 9  
1 .7 5
I n  c o m p a r iso n ,  th e  m a g n e tic  moment o f  VGl* h as  b een
found  to  be 1 . 6 ? 2 ^  (84)^ Zimmerman^^^^ h a s  found  th e
m a g n e t ic  moment o f  V*^ in  aqueous s o l u t i o n  to  be 1 .7 6  ^  .
(7)B a y e r '  g iv e s  th e  moment o f  two o rg a n ic  com plexes o f  
vanadium ( IV) a s  1 ,7 3  ,
S in ce  vanadlura(IV ) c o n t a in s  o n ly  one 3d e l e c t r o n ,  
t h e r e  a r e  f o u r  v a c a n t  3 d o r b i t a l s  a v a i l a b l e  f o r  bond form a­
t i o n .  The " i o n i c "  and " c o v a le n t"  b o n d in g  would g iv e  th e  
same moment and no c o n c lu s io n  can  be drawn from  th e  m a g n e tic  
d a ta  as  t o  th e  ty p e  o f  bo n d in g  p r e s e n t .
T u rn in g  to  th e  u r a n y l  g ro u p ,  P r y c o 's  th e o r y  a i d s  i n
th e  u n d e r s ta n d in g  o f  a l a c k  o f  p a ram ag n e tism  in  u r a n y l  com­
p o u n d s . The f o l lo w in g  s e c t i o n  i s  q u o ted  from  B le a n e y 's
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( 12)
The UOg io n  i s  l i n e a r ,  and i t  h a s  b e e n  s u g g e s te d  
t h a t  i t s  s t a b i l i t y  i s  a s s o c i a t e d  w i th  th e  f o r ­
m a t io n  o f  a bond in v o lv in g  an  f  e l e c t r o n .  The 
e l e c t r o n i c  s t a t e  o f  th e  n e u t r a l  U atom i s  5f®6d 
7s® , so  t h a t  io n  may be w r i t t e n  a s  5 f  6d 7s®j
i t  i s  p o s t u l a t e d  t h a t  t h e s e  f o u r  e l e c t r o n s  a r e  
used  to  form  d a t i v e  o r  e l e c t r o n  t r a n s f e r  co­
v a l e n t  bonds w i t h  th e  two oxygen a to m s . I n  a 
s im p le  model u s in g  o n ly  6 —b o n d in g ,  a h y b r id  spg 
o r b i t a l  (where th e  O-U—0 a x i s  i s  t a k e n  a s  th e  z— 
a x i s )  on e a c h  oxygen w i t h  i t s  lo b e  p o i n t i n g  
to w ard s  th e  uran ium  fo rm s  th e  b o n d in g  o r b i t a l .
On th e  u ran ium , <r —b o n d in g  o r b i t a l s  c a n  be form ed 
by th e  use o f  th e  s u b s t a t e s  o f  5 f  and 6d w hich  
have lz =  0 ;  th o s e  a r e  s t r o n g l y  d i r e c t i o n a l ,  and 
two h y b r id  o r b i t a l s ,  e a c h  p o i n t i n g  to w ard s  one 
o f  th e  oxygen a to m s, can  be form ed by l i n e a r  com­
b i n a t i o n s  o f  5 f ,  6d and 7 s ,  These h y b r id  o r b i ­
t a l s  w i l l  have a l a r g e  o v e r la p  w i th  th e  spg 
o r b i t a l s  on th e  oxygens , and w i l l  fo rm  a s t r o n g  
b ond . T h is  u se s  up a l l  th e  e l e c t r o n s  on th e  
d o u b ly  io n iz e d  uranium  o u t s i d e  th e  c lo s e d  s h e l l s ,  
and no e l e c t r o n s  a r e  l e f t  t o  p roduce  a norm al 
p a ram ag n e t ism .
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be s a id  t h a t ,  i f  p r e s e n t ,  i t  i s  a m ino r e f f e c t . The lsom o2>- 
phism  o f  th e  ammonium and p o ta s s iu m  com plexes s u p p o r t  t h i s  
c o n c l u s i o n .
The vanadium and uran ium  com plexes do aacm to  show 
some v a r i a t i o n  i n  s p e c t r a ,  how ever, more i n  th e  c a se  o f  ammo­
nium p e n t a f lu o r o d i o x y u r a n a te ( V I )  th a n  in  ammonium p e n ta — 
f l u o r c x y v a n a d a t e ( I V ) . F o r  b o th  th e s e  compounds th e  ^  p eak  
i s  s h i f t e d  upwards to  th e  r e g i o n  o f  II4.70 t o  lij.90 om~^, t h i s  
p eak  in  th e  u ran ium  compound b e in g  s l i g h t l y  s p l i t  and s l i g h t l y  
h i g h e r  th a n  t h a t  f o r  th e  vanadium compound. The a r e a  o f  th e  
^ mode shotiTS a peak  a t  3 2 l|.0 cirT"^, a n o t h e r  a t  3 0 7 0  cm—1 and 
a s h o u ld e r  a t  2860 cm—^  f o r  th e  vanadium compound. The 
u ran ium  complex shows p eak s  a t  3 2 0 0  cm—^ , 3 0 6 O cm—^ and 2 8 8 0  
cm—^ . The V [j_ + g mode a p p e a r s  a t  1700 cm—1 i n  th e  sp ec tru m  
o f  th e  uran ium  compound b u t  i s  b a r e l y  d i s c e r n a b l e  i n  t h a t  of 
th e  vanadium  com plex.
I t  seems t h a t  t h e r e  may be sm a ll  am ounts o f  h y d ro g en  
b o n d in g  in  the  vanadium com plex . A gain  f o r  th e  vanadium com­
p le x ,  as  i n  th e  c a se  o f  th e  n iobium  and ta n ta lu m  compounds, 
e v id e n c e ,  e x c e p t  f o r  a sm a ll  s p l i t t i n g  in  th e  ^  ^ r e g i o n ,  i s  
m eager t o  s u g g e s t  much h y d ro g en  b o n d in g .  The isom orphism  of 
) aVOpQ and K3VOP5 s u g g e s t s  t h a t  h y d ro g en  bond ing  a t  l e a s t  
i s  v e ry  weak, n o t  b e in g  s t r o n g  enough to  change th e  s t r u c t u r e  
o f  th e  ammonium com plex from  t e t r a g o n a l .
In  the  ca se  o f th e  uranium  compound th e  p re s e n c e  o f  
h y d ro g en  bon d in g  is  i n d i c a t e d  th i 'ough  th e  c l e a r n e s s  o f  th e  ^
+ -V ^ p e a k ,  th e  p re s e n c e  o f  t h r e e  p eak s  in  th e  V 3 mode r e g i o n
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and th e  a l i g h t  s p l i t t i n g  and s h i f t  t o  a h i g h e r  f r e q u e n c y  o f  
th e  V  mode. There rem a in s  th e  f a c t  t h a t  th e  )3U0aFG
i s  i s o s t r u c t u r a l  w i th  KaUOaP©, b o th  b e in g  t e t r a g o n a l .  Ap­
p a r e n t l y ,  th e  s t o i c h io m e t r y  o f  th e  com plex and th e  s i z e s  o f  
th e  atom s i n  th e  com plex , n o t  h y d ro g e n  b o n d in g ,  d e te rm in e  th e  
t e t r a g o n a l  s t r u c t u r e .  A lthough  h y d ro g e n  b o n d in g  i s  p r e s e n t ,  
i t  i s  n o t  s u f f i c i e n t l y  s t r o n g  to  d i s t o r t  th e  s t r u c t u r e  o f 
(EH*)aU08PG from  t e t r a g o n a l .
A n o th e r  p rob lem  does p r e s e n t  i t s e l f ,  how ever. 
Z a c h a r l a s e n ^ s h o w s  t h a t  i n  KgUOgPe th e r e  a re  t h r e e  en­
v iro n m e n ts  around  th e  p o ta s s iu m  a to m s. i s  a s s o c i a t e d  w i th
s i x  f l u o r i n e  a tom s, to  f o u r  f l u o r i n e  atom s and f o u r  oxygen 
atoms and Kg to  s i x  f l u o r i n e  atom s and two oxygen a to m s.
S ince  th e  ammonium com plex i s  i s o s t r u c t u r a l  w i th  th e  p o ta s s iu m  
com plex i t  would seem t h a t  th e r e  a re  t h r e e  p o s s i b l e  e n v i r o n ­
m ents f o r  th e  ammonium io n s .  C r o c k e t h a s  s t a t e d  t h a t  a 
p o s s i b l e  cause  o f  th e  l a r g e  s p l i t t i n g  in  th e  mode in  th e
sp ec tru m  o f  ammonium t r i f l u o r o c u p r a t o ( I I ) ,  i n  comparaison w i th  
th e  h e i g h t  o f  th e  Y + -j) / p ea k , i s  th e  p re s e n c e  o f  ammonium 
io n s  i n  two u n e q u iv a le n t  l a t t i c e  p o s i t i o n s , c a u s in g  th e  b e n d in g  
v i b r a t i o n  of th e  ammonium io n s  to  d i f f e r .  The V  ^  mode in  
e a c h  c a se  i s  d e g e n e r a t e , how ever, showing t h a t  h y d ro g e n  bond­
in g  i s  n o t  p r e s e n t  o r  i s  v e ry  m in o r .
I t  c a n  be se e n  from  F ig u re  I  t h a t  i n  the  i n f r a r e d  
sp ec tru m  o f  (NE^)gUOsPg th e  e x t e n t  o f  s p l i t t i n g  o f  th e  V 
mode i s  sm a ll  and can  be c o r r e l a t e d  w i th  th e  s i z e  o f  th e
V peak  and i s  th u s  due vc h y d ro g en  b o n d in g .  VIhy th e r e
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APPENDIX
I .  B ro ra in a t io n  o f  th e  M e ta ls
T ab le  I  shows th e  am ounts o f  m a t e r i a l  used  and th e  
s p e c i f i c  c o n d i t i o n s  f o r  b n o m in a tio n  o f  th e  v a r io u s  m e ta l s  
used  i n  t h i s  r e s e a r c h .
Table I




s h e e t
Uranium
s h e e t
Vanadium





Amount o f  
M e ta l  Used 
(m o le s )
0.02
0.02
Amount o f  L e n g th  o f  C o lo r  o f
Bromine Used R e f lu x  B ro m in a tio n









3 — ip o range
3 — ip g r e e n  +
b la c k  p p t .
5 — 6 g re e n —brown
to  y e l lo w -  
brown
20 y e l lo w —
brown
20 y e l lo w -
brown
The m e ta l  was suspended  i n  100 ml o f  d ry  m e th a n o l  in  
a 500 ml t h r e e —n e c k e d , round—bottom ed  f l a s k  a t t a c h e d  to  a 
r e f l u x  c o n d e n s e r  w i th  a d ry in g  tube  a t  th e  t o p .  Bromine was 
added i n  s l i g h t  e x c e s s  ( i n  sm a ll  p o r t i o n s  i n  th e  c a se  o f  th e  
b r o m in a t io n  o f  uranium  s in c e  th e  r e a c t i o n  i s  e x o th e rm ic  and 
v i g o r o u s ) .  The s o l u t i o n  was th e n  r e f l u x e d  ( s lo w ly  a t  f i r s t ) ,  
I t  can  be n o te d  t h a t  upon r e f l u x i n g  th e  d i s t i l l a t e  g r a d u a l l y
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became c o l o r l e s s .  The s o l u t i o n  was c o o le d  and f i l t e r e d  i n  a 
"d ry "  a tm osphere  (h u m id i ty  < 35^) and s t o r e d  undei' d ry  con­
d i t i o n s  u n t i l  n e e d ed .  F i l t e r i n g  may bo p o s tp o n e d ,  o f  c o u r s e ,  
and t h i s  s t e p  in c o r p o r a te d  i n t o  th e  p r e p a r a t i o n  o f  th e  f l u o r o — 
m e t a l l a t e s .
The m a t e r i a l s  used  i n  th e  b r o m i r a t l o n s  were a s  f o l l o w s ;
Uranium f o i l
Vanadium c h ip s  
Niobium powder 
Tantalum  powder 
Bromine
M ethyl A lco h o l
A .S .C . Found t o  be 
s p e c t r o s c o p i c a l l y .




9 9 .7 ^  p u r e .  
9 9 .7 ^  p u r e . 
99.5/» p u r e .
B aker & Adamson, AGS R e a g e n t .
F i s h e r  C e r t i f i e d  R eagen t ( 0 .0 1 ^  HgO) 
o r  F i s h e r  "K ar l  F is c h e r "  R eagent 
( 0 .0 1 ^  HgO).
I I .  P r e p a r a t i o n  o f  th e  Ammonium F l u o r o m e t a l l a t e a
T able  I I  shows th e  am ounts o f  m a t e r i a l  used and th e  
s p e c i f i c  c o n d i t i o n s  f o r  th e  p r e p a r a t i o n  o f  th e  v a r io u s  ammo­
nium f l u o r o m e t a l l a t e s  u sed  i n  t h i s  r e s e a r c h .
In  each  c a s e ,  th e  f i l t e r e d  m e th a n o l s o l u t i o n  o f  th e  
m e ta l  brom ide was added s lo w ly  and w i th  r a p i d  s t i r r i n g  t o  th e  
an h y d ro u s ,  s a t u r a t e d  ammonium f l u o r i d e - m e t h a n o l  s o l u t i o n  i n  
a p o ly e th y le n e  b o t t l e  and th e n  s to p p e re d  Im m e d ia te ly .  A f t e r  
th e  p r e c i p i t a t e  s e t t l e d  o u t ,  th e  s u p e r n a t a n t  was d e c a n te d  o f f  
and more s a t u r a t e d  ammonium f l u o r i d e —m e th a n o l  s o l u t i o n  adde d .  
T h is  p ro c e d u re  o f  d é c a n t a t i o n  was r e p e a te d  u n t i l  th e  s u p e r ­
n a t a n t  was c o l o r l e s s .  D é c a n ta t io n  was used  in s t e a d  o f  f i l ­
t r a t i o n  s in c e  i n  m ost c a s e s  th e  f l u o r o m e t a l l a t e s  were v a ry
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T able  I I
C o n d i t io n s  Used i n  th e  P r e o i p i t a t l o n  
o f  th e  Ammonium F l u o r o m e t a l l a t e s
P luorom e t a 1 1 a t e  





Amount o f  
0.2M brom ide 
u sed
(m o les)
0 .0 0 5
0 .0 1 0
0 .0 0 2 5
0.020
Amount o f  L e n g th  o f  C o lo r  o f
0.5m NH4P D i g e s t io n  P ro d u c t  
used  (h o u rs )
(m o les)
0 .1 5 0
0 .2 0 0
0.200
0 .3 0 0
i|-8 p a l e
y e l lo w
ij-8 pal©
b lu e —g re e n
I4.8 whit©
18  days  w h i te
(I4.8 h r s  
s u f f I c l e n t )
g e l a t i n o u s  and e x t r e m e ly  d i f f i c u l t  t o  f i l t e r .  The f l u o r o — 
met a 11at e  was t h e n r d i g e s t e d  i n  0.25M ammonium f l u o r i d e — 
m e th a n o l  s o l u t i o n .  A f t e r  d i g e s t i o n ,  th e  p r e c i p i t a t e  was 
f i l t e r e d  o f f ,  washed w i th  sm a ll  p o r t i o n s  o f  m e th an o l  and th e n  
w i th  e t h e r .  The com plex was d r i e d  by a s p i r a t i o n  i n  a vacuum 
d e s i c c a t o r  o v e r  s i l i c a  g e l . The sam ples  w ere s t a b l e  i n  a i r  
u n l e s s  th e  h u m id i ty  was h ig h  and w ere  j u s t  s t o r e d  i n  screw  cap  
g l a s s  v i a l s .
I t  shou ld  be n o te d  her© t h a t  th e  p ro c e d u re  was c a r r i e d  
o u t  o n ly  i f  th e  h u m id i ty  was low , a b o u t  3B% i n  th e  c a s e  o f  th e  
n iob ium  and ta n ta lu m  compounds.
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and a g a in  ground  i n  m e th a n o l .  The p ro c e d u re  waa r e p e a t e d  u n t i l  
th e  f i l t r a t e  gave n e g a t iv e  t e s t s  ^ o r  p o ta s s iu m  and f l u o r i d e  io n s ,  
The m a t e r i a l  was th e n  d i g e s t e d  i n  0.25M p o ta s s iu m  f l u o r i d e — 
m e th a n o l  s o l u t i o n  and f i n a l l y  washed w i t h  m e th a n o l  and e t h e r  and 
oven d r i e d .  The com plexes woD'e s t o r e d  i n  screw—cap g l a s s  v i a l s .
The q u a l i t a t i v e  t e s t s  used w ere  th e  t e t r a p h e n y l  b o ro n  
t e s t  f o r  p o ta s s iu m ^ ^ ^ )  and th e  z i rc o n iu m  a l i z a r i n s t e  t e s t ^ ^ ^ ^  
f o r  f l u o r i d e .
The m a t e r i a l s  used  i n  th e  p r e p a r a t i o n  o f  th e  p o ta s s iu m  
f l u o r o m e t a l l a t e s  were a s  f o l l o w s .
M ethyl A lc o h o l  F i s h e r  C e r t i f i e d  R eagen t ( 0 .0 1 ^  HgO)
o r  F i s h e r  "K arl  F i s h e r "  R eagent 
(0 .0 0 1 ^  HgO).
KP B aker  and Adamson, a n h y d ro u s ,  g r a n u l a r
r e a g e n t  h e a te d  i n  p la t in u m  to  th e  h e a t  
o f  a Maker b u r n e r  and c o o le d .
E th e r  M a l l i n c k r o d t ,  AR, an h y d ro u s  ( 0 .0 1 ^  HgO)
IV. A n a l y t i c a l  P ro c e d u re s
A. Ammonia D e te rm in a t io n
The sample was p la c e d  i n  c o n c e n t r a t e d  sodium h y d ro x id e
s o l u t i o n .  The ammonia was d i s t i l l e d  i n t o  b o r i c  a c id  and t i ­
t r a t e d  w i th  s ta n d a r d  h T d ro c h lo r lo  a c id  u s in g  m e th y l  p u r p le  as 
i n d i c a t o r ^ ^ ^ ^ .
B, P o ta s s iu m  D e te rm in a t io n
P o ta s s iu m  was d e te rm in e d  g r a v i m e t r i c a l l y  a s  p o ta s s iu m  
te t r a p h o n y lb o r o n  a c c o r d in g  to  th e  method o f  Gailm ann^^® ^. In  
c a s e s  w here th e  heavy  m e ta l  io n  p r e c i p i t a t e d  i n  b a s i c  s o l u t i o n ,  
th e  h y d ro u s  o x id e  was removed and th e  p r e c i p i t a t i o n  o f  p o ta s —
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py cn o m ete r  was c a l c u l a t e d  from  th e  w e ig h t  o f  th e  w a te r  and 
th e  d e n s i t y  o f  w a te r  a t  room t e m p e r a t u r e .  The room tem p era ­
t u r e  was m easured  u s in g  a m e rc u ry  th e rm o m e te r ,  w hich  c o u ld  be 
r e a d  t o  ±  0.05®C and w hich  had b e e n  checked  a g a i n s t  a s ta n d a r d  
th e rm o m e te r .  Any d e c re a s e  o f  te m p e r a tu r e  from  i t s  maximum 
v a lu e  d u r in g  th e  t im e  th e  p y cn o m ete r  was a l lo w e d  to  s ta n d  was 
n o te d  by a d e c r e a s e  i n  volume o f  th e  l i q u i d ,  th e  c a p i l l a r y  
n o t  b e in g  f u l l .  In  th e  few  c a s e s  where t h i s  o c c u r re d  th e  
d e t e r m i n a t i o n  waa r e p e a t e d .
The volume o f  th e  pyonom eter  was found  to  b© 1 0 .0 3 9  
+ 0 .0 0 2  cm^. The p r e c i s i o n  was 0 .0 2 ^ .
The d e n s i t i e s  o f  th e  compounds w ere d e te rm in e d  by 
w e ig h in g  a 0 .5  t o  1 .0  gram sample i n t o  th e  p y cn o m ete r ,  cover­
in g  th e  sam ple w i th  d ry  b e n z e n e ,  rem oving  th e  a i r  In  th e  
sample by a s p i r a t i o n  i n  a s m a l l  vacuum d e s i c c a t o r ,  f i l l i n g  
th e  p y cn o m ete r  w i t h  c o ld  b en z e n e ,  and c o n t in u in g  a s  i n  th e  
p ro c e d u re  f o r  th e  d e t e r m in a t io n  o f  th e  volume o f  th e  p y c n o -  
m e te r .
The d e n s i t i e s  o f  w a te r  and benzene  a t  th e  v a r io u s
te m p e r a tu r e s  were o b ta in e d  from  th e  I n t e r n a t i o n a l  C r i t i c a l  
T a b le s ^ ^ ^ ^ ^ . R e la t iv e  d e n s i t i e s  i n s t e a d  o f  a b s o lu t e  d e n s i t i e s  
w ere u sed  s in c e  t h i s  c r e a t e d  no s i g n i f i c a n t  e r r o r  (jf 0 .0 0 3 ^ )  
i n  c o m p a r iso n  w i th  t h a t  i n h e r e n t  i n  th e  e x p e r im e n ta l  method 
i t s e l f  (+ 0 .5  to  + 2%),
The d e n s i t i e s  o f  sodium c h l o r i d e  and p o ta s s iu m  brom ide 
were d e te rm in e d  and found  to  be 2 .0 7  g/cm^ and 2 , 6 k  g/cm^ 
r e s p e c t i v e l y .  The v a lu e s  found  i n  th e  I n t e r n a t i o n a l  C r i t i c a l
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T ab les^   ^ a r e  2 .1 7  g/cvP  and 2 ,7 5  g /cm ^. Our v a lu e s  a r e  l\^ 
low . No e x p l a n a t io n  h a s  b een  found  f o r  th e  c o n s i s t e n t  d i s ­
c r e p a n c y .  The s m a l l e s t  sample volume used  was i n  th e  c a se  o f  
KaVOFo, 0 .1 5 6  ora . Here th e  p o s s i b l e  e r r o r  due t o  th e  e r r o r  
i n h e r e n t  i n  th e  volume d e t e r m in a t io n  was ±  2 ^ .  The l a r g e s t  
sample volume was 0 .3 8 3  cm^, used  i n  th e  d e t e m i n a t j i o n  o f  th e  
o f  th e  d e n s i t y  o f  (NH4 )@NbOFQ. Here th e  e r r o r  due to  volume 
e r r o r  w as + . 0 . 5 ^ .
V I. The Method o f  D e te rm in a t io n  o f  t h e  S t r u c t u r e s  o f  th e  
Ammonium and P o ta ss iu m  F l u o r o x v m e t a l l a t e s .
The sam ples were mounted i n  0 .3  mm. g l a s s  c a p i l l a r i e s .  
Powder d i f f r a c t i o n  p a t t e r n s  were t a k e n  u s in g  th e  5 7 .3  mm, and
lli4-.56 mm. P h i l i p s  c a m e ra s .  Copper and i r o n  r a d i a t i o n  were
o o
u se d ,  1 .5 4 1 8  A and 1 .9373  A r e s p e c t i v e l y .
I n t e n s i t i e s  o f  th e  p a t t e r n s  f o r  (NH4)3U0^Fe, (NH4)gV0Fg 
and KgVOPg were e s t im a te d  by co m p ariso n  w i th  a f i l m ,  f o r  which 
th e  i n t e n s i t y  o f  th e  l i n e s  was known by th e  use o f  a Welch 
D e n s l o h r o n .  The i n t e n s i t i e s  o f  t h e  p a t t e r n s  f o r  ( ) gîîbOPe, 
(NH4 )gTaOFa and  KgTaOFg were e s t i m a t e d  by t h e  d i r e c t  u s e  of 
th e  D e n s ic h ro n ,
The c u b ic  p a t t e r n s  w e re  c a l c u l a t e d  u s in g  th e  method 
o f  H e n r y ,  L lp s o n ,  and W o o s t e r ^ ^ ^ ,  g iv in g  th e  b e s t  v a lu e s  o f  
" a "  i n  ea ch  c a s e .
E ach  t a t r a g o n a 1 p a t t e r n  was compared w i th  t h a t  f o r  
KgUGjaFe^ ^, th e  4.OO snd OO8 l i n e s  p ic k ed  o u t  and a p a t t e r n  
c a l c u l a t e d .  T h is  a l lo w ed  th e  c o r r e l a t i o n  o f  t h e  h k l  v a lu e s
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